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IMPROVED  PLANNING  AND  PROGRAMMING  FOR 
ENERGY  EFFICIENT  NEW  ARMY  FACILITIES 


1  INTRODUCTION 


Background 

The  Military  Construction,  Army  (MCA)  process  is  the  Army's  primary  funding  and 
delivery  system  for  providing  new  facilities  in  response  to  changing  mission  goals.  Re¬ 
searchers  at  the  U.S.  Army  Construction  Engineering  Research  Laboratory  (USA-CERL) 
studied  the  energy  impacts  of  this  process  and  reported  the  results  in  USA-CERL  Techni¬ 
cal  Report  (TR)  E-188. 1  This  report  concluded  that  although  the  present  MCA  process 
does  not  hinder  the  delivery  of  energy  efficient  buildings,  it  does  not  insure  energy- 
efficiency,  nor  does  it  encourage  the  planners  and  designers  to  produce  such  facilities. 
Improvements  in  the  process  are  needed  because  the  decisions  made  in  each  phase  can 
have  a  significant  impact  on  the  ultimate  energy  use  of  a  proposed  building.  When  prop¬ 
erly  selected  and  employed,  energy  conserving  strategies  can  result  in  significant  energy 
savings  for  new  Army  facilities. 

A  building's  energy  use  is  the  result  of  the  interaction  of  many  factors,  including 
climate,  building  functional  requirements,  envelope  characteristics,  and  the  mechanical 
system  design.  The  earlier  in  the  MCA  process  that  strategies  for  reducing  energy  use 
are  investigated  and  incorporated  into  the  proposed  facility,  the  greater  the  potential  for 
successful  energy  reduction.  However,  planning,  programming  and  early  design  guidance, 
analysis  tools,  and  evaluation  procedures  for  energy  considerations  are  limited.  Thus, 
energy  considerations  are  included  ad  hoc  rather  than  as  an  integral  part  of  the  early 
phases  of  the  MCA  process.  Consideration  of  energy  impacts  during  long-range  and 
master  planning  is  minimal,  involving  primarily  the  evaluation  of  conventional  energy 
sources  and  effects  upon  existing  utility  systems.  Similarly,  the  consideration  of  energy 
during  programming  and  early  design  is  not  required,  even  though  decisions  made  at  these 
phases  can  significantly  affect  a  building's  final  energy  performance.  The  present  MCA 
building  delivery  process  does  not  emphasize  energy  conservation  until  the  late  concept 
and  final  design  phases. 

Designers  are  not  the  only  ones  who  can  make  decisions  on  energy  conservation. 
Because  operational  costs  are  ultimately  the  responsibility  of  the  installations'  Direc¬ 
torates  of  Engineering  and  Housing  (DEH)  and  Major  Command  (MACOM),  their  input 
during  the  programming  and  planning  phases  will  also  affect  the  final  energy  usage  of  the 
facility.  Planners  in  these  organizations  can  improve  the  designers'  efficiency  by  identi¬ 
fying— in  the  early  planning,  programming,  and  design  stages— which  energy  saving 
options  warrant  more  detailed  evaluation  and  which  have  limited  potential.  Further,  any 
proposed  energy  requirements  must  be  clear  and  concise.  Designers  already  face  tight 
schedules,  which  are  compounded  by  the  multitude  of  design  criteria,  both  energy-  and 
non-energy-related,  that  must  be  met  on  even  the  simplest  of  projects.  Thus,  the  effort 
put  into  ranking  energy  strategies  must  be  spent  as  productively  as  possible.  Any  pro¬ 
posed  tools  or  procedures  used  to  meet  energy  requirements  should  be  easy  to  use  or  fol¬ 
low,  while  still  providing  valid  results. 


'D.  Leverenz,  D.  Herron,  et  al.,  Energy  Impact  Analysis  of  the  Military  Construction- 
Army  Building  Delivery  System,  Technical  Report  (TR)  E-188/ADA135277  (U.S.  Army 
Construction  Engineering  Research  Laboratory  [USA-CERL],  October  1983). 
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The  need  for  energy-conscious  guidance  in  the  early  stages  of  the  MCA  process 
could  be  satisfied  by  integrating  recommendations  into  the  existing  DD  Form  1391 2  and 
Project  Development  Brochures  (PDB-1  and  PDB-2).3  These  documents  were  chosen  as 
the  vehicles  for  energy-conscious  facility  planning  because  of  the  important  role  they 
play  in  the  early  stages  of  any  project.  The  PDB-1  transmits  all  basic  project  require¬ 
ments  such  as  type  of  facility,  size,  and  location.  When  a  project  is  ready  to  be  designed, 
more  detailed  information  is  included  on  the  PDB-2.  The  DD  Form  1391  is  prepared  with 
the  aid  of  an  interactive  computer  program,  the  1391  Processor.  In  addition  to  project 
requirements  and  specifications  from  the  PDBs,  this  form  includes  initial  cost  estimates. 

In  the  process  of  researching  possible  guidance  and  tools  for  the  planning  and  early 
design  stages  of  facilities,  USA-CERL  has  reviewed  the  work  of  other  agencies  in  search 
of  related  energy  studies. 

Objectives 

The  objectives  of  this  study  are  (1)  to  develop  energy  planning  criteria,  guidance, 
and  procedures  for  Army  MACOMs,  installations,  and  districts  to  use  in  incorporating 
energy  conservation  for  new  facilities  into  the  planning  and  programming  phases  of  the 
MCA  process,  and  (2)  to  pilot  test  and  implement  these  new  energy-conscious  proced¬ 
ures.  The  energy-conscious  planning  criteria  should  be  integrated  into  the  present  sys¬ 
tem  in  such  a  way  that  the  Army  staff  workload  will  not  increase  and  the  energy  usage  of 
new  facilities  will  decrease. 


Approach 

To  achieve  these  objectives,  the  researchers: 

1.  Evaluated  the  existing  construction-related  guidance  for  Army  planners  and 
programmers. 

2.  Interviewed  Army  master  planners  and  programmers  to  get  their  assessment  of 
current  energy  analysis  methods,  criteria,  and  guidance  and  to  determine  their  needs  in 
these  areas. 

3.  Established  the  potential  energy  savings  from  improved  planning  and  program¬ 
ming  for  energy  efficient  facilities. 

4.  Defined  the  energy  impacts  of  the  functional  requirements  and  characteristics 
of  Army  building  categories. 

5.  Developed  climate-based  energy  planning  guidance~that  is  based  on  building 
functions. 


department  of  Defense  (DD)  Form  1391,  FY(76),  Military  Construction  Project  Data 
(HQDA,  December  1976). 

department  of  the  Army  (DA)  Forms  5020-R  and  5021-R,  Project  Development  Bro¬ 
chure,  PDB-1  and  Project  Development  Brochure,  PDB-2  (HQDA,  February  1982). 
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6.  Developed  an  expert  system,  using  a  commercially  available  shell,  which  incor¬ 
porates  this  guidance.  This  guidance  has  been  field  tested  in  a  Technology  Transfer  Test 
Bed  (T3B)  program.  Full  results  of  this  test  will  be  published  in  a  separate  report,  and 
the  guidance  will  be  refined  based  on  the  results. 

7.  Tested  the  energy  recommendations  for  planners  by  doing  detailed  energy 
studies  of  two  building  types. 


Mode  of  Technology  Transfer 

The  recommendations  of  this  report  should  be  incorporated  into  future  versions  of 
the  1391  Processor  and  into  guidance  prepared  for  planners  and  programmers  of  new 
facilities.  Recommendations  have  been  submitted  to  HQUSACE  for  changing  Army  Reg¬ 
ulation  (AR)  415-15,  Military  Construction ,  Army  (MCA)  Program  Development.  This 
material  should  be  included  in  the  appropriate  USACE  PROponent  Sponsored  Engineer 
Corps  Training  (PROSPECT)  courses  for  planners,  project  managers,  and  designers.  The 
energy  matrix  discussed  in  Chapter  3  is  presently  being  used  in  the  course  "Energy  Con¬ 
servation  Design  for  New  Buildings." 


2  ANALYSIS  OF  THE  PLANNING  AND  EARLY  DESIGN 
PHASES  IN  THE  MCA  PROCESS 


Before  the  planning  stages  of  the  MCA  process  could  be  analyzed  for  energy  im¬ 
pacts,  its  functional  phases  and  their  interrelationships  had  to  be  identified.  To  do  this, 
USA-CERL  examined  the  planning  documents  of  the  MCA  process  to  find  areas  that 
could  be  effectively  enhanced  with  energy  conscious  guidance.  These  documents 
included  AR  415-10,  Military  Construction-General  (HQDA,  1  March  1984);  AR  415-15, 
Military  Construction ,  Army  (MCA)  Program  Development  (HQDA,  1  January  1984);  and 
AR  415-20,  Project  Development  and  Design  Approval  (HQDA,  28  March  1974).  USA- 
CERL  TR  E-188  was  used  as  reference  for  energy  considerations  in  the  MCA  process. 
Researchers  also  visited  four  installations  (Fort  Eustis,  VA;  Fort  Story,  VA;  Fort  Leonard 
Wood,  MO;  and  Fort  Carson,  CO),  and  interviewed  their  master  planners  to  obtain  opin¬ 
ions  and  ideas  concerning  energy  efficient  design  of  new  facilities.  The  familiarity  that 
planners  have  with  the  existing  conditions  on  an  installation  puts  them  in  a  good  position 
to  evaluate  the  energy  conservation  potential  for  a  new  facility,  and  exert  influence  on 
its  design. 

The  MCA  process  consists  of  these  activities: 

•  Planning  and  program  development,  which  defines  the  need  for  the  building  and 
establishes  the  functional  requirements 

•  Design 

•  Review  activities,  which  periodically  evaluate  the  planning  and  design 

•  Approval  activities 

•  Construction 

•  Building  acceptance. 

These  activities  take  place  within  four  distinct  time  periods.  These  are  generally  recog¬ 
nized  as  the  Guidance  Year  (GY),  Design  Year  (DY),  Budget  Year  (BY)  and  Program  or 
Construction  Year  (PY).  Figure  1  illustrates  the  MCA  process.  Alternatively,  the  activi¬ 
ties  can  be  grouped  in  three  stages: 

•  Project  Development;  including  Long-Range  Planning,  Master  Planning,  and  Pro¬ 
gramming,  which  takes  place  in  the  Guidance  Year 

•  Design;  including  Concept  and  Final  Design,  which  takes  place  during  the  Design 
and  Budget  Years  (this  stage  also  includes  reviews  and  approvals) 

•  Construction;  which  takes  place  in  the  Construction  Year. 

This  report  is  primarily  concerned  with  the  project  development  phase,  which  roughly 
corresponds  to  the  Guidance  Year.  The  various  activities  included  in  Project  Develop¬ 
ment  are  summarized  below  in  the  order  they  typically  occur.  Weaknesses  and  sugges¬ 
tions  reported  in  interviews  with  installation  representatives  are  also  discussed. 
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Current  Long-Range  Planning  Process 

Long-Range  Planning  is  usually  done  at  higher  headquarters  such  as  MACOMs, 
Department  of  the  Army  (DA),  Department  of  Defense  (DOD),  National  Security  Council 
(NSC),  or  Congress.  It  is  associated  with  planning  for  missions  and  mission  changes. 
Typical  long-range  planning  activities  that  affect  the  Army's  facility  requirements  are 
stationing  decisions,  economizing  measures,  and  force  structure  planning.  During  this 
phase,  planners  evaluate  whether  existing  facilities  can  meet  the  mission  requirements 
and  determine  if  the  facilities  can  be  renovated  or  if  new  ones  must  be  provided.  As  a 
result,  long-range  planning  may  lead  to  the  modification  of  an  installation's  master  plan. 

Decisions  made  during  long-range  planning  will  ultimately  affect  energy  use  at  all 
Army  installations.  The  location  of  an  energy-consuming  facility  can  affect  both  fuel 
availability  and  overall  utility  cost. 


Master  Planning 
Current  Process 

During  the  master  planning  process  installations  determine  what  real  property 
changes  are  needed.  Regional  impacts,  environmental  concerns,  utility  requirements, 
existing  services,  and  land  use  patterns  for  new  facilities  are  all  evaluated. 

When  a  new  facilil  is  required,  a  Project  Development  Brochure  (PDB-1)  and  an 
initial  DD  Form  1391  a  e  produced.  These  documents  contain  the  users'  functional 
requirements,  justificatic  i  for  the  facility,  and  initial  cost  data.  These  are  sent  to  the 
installation's  MACOM  foe  prioritization  in  the  MACOM's  Five-Year  Program. 

Many  of  the  decisions  a  master  planner  makes  at  this  early  point  in  the  MCA  pro¬ 
cess  will  affect  the  total  energy  consumption  of  the  facility  and  could  help  minimize  the 
use  of  costly  fuel  sources.  Because  of  existing  physical  constraints,  many  considerations 
may  be  limited  to  only  the  immediate  vicinity  of  the  new  facility's  site.  Whenever  pos¬ 
sible,  careful  planning  of  new  road  networks,  utility  systems,  building  orientation,  and 
general  site  configuration  can  improve  the  feasibility  of  using  central  energy  plants, 
existing  energy  distribution  systems,  and  passive  solar  design  techniques.  Master  plan¬ 
ners  should  also  consider  factors  such  as  terrain,  vegetation,  and  surrounding  structures, 
which  influence  the  amount  of  solar  radiation  and  wind  and  affect  the  use  of  passive 
energy. 

Field  Comments 

Misunderstanding  and  Misinterpretation.  Because  master  planning  is  a  phased  pro¬ 
cess,  much  of  the  necessary  data  often  is  not  available  until  the  next  phase.  Frequently, 
the  master  plan  appears  to  indicate  more  detail  than  intended  concerning  such  things  as 
building  shape,  orientation,  and  location.  Master  plans  are  sometimes  misused  because  of 
too-literal  interpretations,  e.g.,  a  rough  site  sketch  using  a  standard  building  footprint  is 
taken  as  a  final  design  solution. 

Limited  Impact  on  Energy  Conservation.  Increasing  consideration  of  energy  im¬ 
pacts  at  the  master  planning  stage  will  not  necessarily  result  in  more  energy  conserva¬ 
tion.  The  actual  impact  of  master  planning  on  potential  energy  savings  is  reduced  for 
two  reasons.  First,  revising  a  master  plan  when  a  proposed  usage  conflicts  with  an  exist¬ 
ing  master  plan  can  change  the  energy  criteria.  Second,  the  existence  of  a  strongly 
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established  road  and  utility  network  at  bases  limits  the  range  of  options  (such  as  building 
envelope  or  orientation  configurations)  base  master  planners  can  recommend. 

PDB  Misconceptions.  The  PDB  is  used  to  develop  and  record  information  necessary 
to  program,  budget,  and  initiate  the  design  of  proposed  projects.  It  does  not  describe  de¬ 
sign  solutions.  The  Facilities  Requirements  Sketch  required  in  the  PDB  suggests  a  signi¬ 
ficant  amount  of  detail  about  building  shape,  orientation,  and  location,  all  of  which  have 
energy  implications.  The  sketch  does  not  dictate  a  building  shape.  It  is  only  for  illustra¬ 
tion,  and  it  may  have  come  from  a  standard  book  of  building  footprints.  Some  designers 
may  not  know  this,  and  they  will  base  their  designs  on  a  strict  interpretation  of  this 
sketch. 

Inadequate  Education.  Many  army  and  private  sector  master  planners  may  be 
inadequately  trained  in  planning  for  energy  efficiency.  PROSPECT  courses  are  available 
for  Army  planners.  Contracted  master  planners,  from  private  A/E  firms,  would  welcome 
access  to  simple,  direct  educational  programs  concerning  energy  guidance  within  master 
planning. 


Facility  Programming 

Current  Process 

Facility  programming  is  the  phase  that  sets  guidelines  for  the  design  of  a  specific 
project.  After  design  Code  1  (see  Figure  1)  is  received  by  the  Corps  and  the  installation 
from  the  DA  Construction  Requirements  Review  Committee  (CRRC),  detailed  program¬ 
ming  requirements  for  the  facility  can  be  developed.  The  installation  begins  facility  and 
site-specific  planning,  and  prepares  detailed  functional  requirements  and  cost  estimates 
for  the  DD  Form  1391  and  PDB-2.  After  this  phase  has  been  completed,  the  MACOM 
establishes  functional  requirements,  budget  requirements,  and  design  priorities  for  the 
facility. 

Many  nondesign  decisions  are  made  at  this  stage,  in  areas  such  as  site  evaluation, 
climate  conditions,  and  functional  requirements.  Even  though  these  are  not  design  deci¬ 
sions,  they  can  affect  the  energy  use  of  the  completed  building.  Unfortunately,  they  are 
often  made  without  complete  information  about  their  energy  implications. 

In  the  final  formulation  of  the  facility  programming  documents,  the  district  project 
manager  determines  the  emphasis  on  energy.  The  project  manager  relays  information 
from  the  installation  master  planning  staff  to  the  designers  doing  the  preliminary  phase 
of  design.  The  effectiveness  of  this  communication  link  will  influence  the  project 
results. 

Field  Comments 

Interdepartmental  Conflicts.  When  occasional  conflicts  occur  in  Army  projects 
between  criteria  from  the  installations/MACOMs  and  Office  of  the  Chief  of  Engineers 
(OCE),  the  district  project  manager  normally  follows  only  the  OCE  directives.  This  may 
cause  useful  and  relevant  input  on  energy  to  be  overlooked. 

Energy  Budget  Review.  This  review  does  not  normally  occur  in  the  MCA  process 
until  the  design  is  35  percent  complete.  This  is  too  late  in  the  design  process  to  make  a 
significant  change  which  reduces  the  effectiveness  of  the  review.  Also,  when  budget 
reviewers  must  economize,  the  costs  for  building  in  energy  efficiency  seem  to  be  the 
first  ones  cut  from  the  budget. 
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Lack  of  Consolidated  Design  Data.  This  hinders  the  task  of  meeting  all  relevant 
criteria.  Users  would  like  all  the  Army’s  building  energy  regulations  and  design  data  to 
be  consolidated  into  one  manual.  There  is  also  an  important  need  for  a  follow-up  system 
to  track  down  and  identify  common  problems.  The  absence  of  such  a  system  discourages 
the  establishment  of  a  learning  process  from  one  project  to  the  next.  Although  solutions 
may  have  been  produced  for  problems  found  in  the  field,  the  shortage  of  design  problem 
feedback  allows  common  errors  to  recur. 

Standard  Building  Designs.  Standard  building  designs  may  be  built  without  suffi¬ 
cient  regard  to  location,  climate,  or  applicability.  The  intent  of  the  standard  building 
design  program,  however,  is  to  save  on  building  layout  and  other  design  costs,  not  to  pro¬ 
vide  designs  that  are  taken  "as  is"  and  finalized  without  regard  to  actual  location  condi¬ 
tions.  Lack  of  proper  site  adaptation  will  result  in  buildings  that  are  not  energy  efficient 
and  unsuited  to  the  user’s  functional  requirements. 

Design  Tools  and  Design  Review.  There  is  support  from  the  Training  and  Doctrine 
Command  (TRADOC),  HQUSACE,  and  installation  base  master  planners  for  planning 
guidance  based  on  climate  and  building  functional  type.  There  is  also  interest  in  energy 
performance  standards  and  in  greater  use  of  life  cycle  costing. 

The  current  design  review  process  may  also  need  some  improvements.  Users,  such 
as  the  installation  and  MACOM,  need  to  be  brought  into  decisions  made  during  the  design 
process  so  they  can  assure  then.uelves  that  their  needs  are  being  met.  In  general,  com¬ 
munication  between  the  design  agent  (USACE)  and  the  user  needs  careful  attention. 

Budgeting.  Facility  engineering  staff  have  a  hard  time  coming  up  with  reasonable 
building  energy  costs  for  the  1391  that  include  operational  and  life  cycle  cost  considera¬ 
tions.  Building  energy  budgets  often  are  based  only  on  lowest  initial  cost,  and  not  life 
cycle  cost. 
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3  SUGGESTED  ADAPTATIONS  TO  EXISTING  GUIDANCE  AND  METHODS 


To  strengthen  the  awareness  of  energy  conservation  during  the  early  planning 
stages  of  a  facility,  energy  considerations  have  to  be  integrated  into  the  PDB  and  the  DD 
Form  1391  documents.  These  documents  were  examined  to  determine  if  they  contained 
areas  that  could  be  improved  in  terms  of  energy  conservation.  The  following  sections 
briefly  describe  the  PDBs  and  1391  and  give  recommendations  for  increasing  recognition 
of  energy  conservation  during  their  preparation. 

Recommendations  for  changes  in  AR  415-15,  based  on  the  issues  discussed  here, 
have  been  submitted  to  HQUSACE,  Military  Construction  Management  Branch  on  DA 
Form  2028,  Recommended  Changes  to  Publications  and  Blank  Forms . 


Project  Development  Brochure 

The  purpose  of  the  PDB  is  to  develop  and  record  (in  two  phases)  the  data  necessary 
to  program,  budget,  and  initiate  design  of  proposed  construction  projects. 

AR  415-20  refers  the  reader  to  Technical  Manual  (TM)  5-800-3,  Project  Develop¬ 
ment  Brochure  (HQDA,  15  July  1982)  for  instructions  on  preparing  PDBs.  The  TM  con¬ 
tains  the  standardized  forms  for  the  PDB.  AR  415-20  does  not  apply  to  AR  210-50, 
Family  Housing  (HQDA,  1  February  1982)  or  to  AR  415-35,  Minor  Construction  (HQDA, 
15  September  1983).  However,  because  the  PDB  provides  a  convenient  and  useful  method 
for  establishing  the  requirements  and  technical  data  for  a  project,  it  is  recommended  for 
all  projects. 

The  main  purpose  of  the  PDB  is  to  express  any  special  requirements,  known  only  to 
the  user/preparer,  which  are  necessary  to  make  the  project  a  functional  facility,  and  to 
provide  data  and  recommendations  to  assist  designers  in  developing  effective  and  satis¬ 
factory  solutions.  The  PDB  should  not  describe  design  solutions,  select  materials  of  con¬ 
struction,  or  make  other  decisions  which  are  properly  left  to  the  professional  judgment  of 
the  designer  or  construction  agency,  unless  there  is  adequate  reason  for  doing  so.  The 
PDB  should  not  repeat  information  that  is  normally  carried  in  design  guidance  and  man¬ 
uals  such  as  the  Architectural/Engineering  Instructions  (AEI)  or,  TM  5-800  series,  and  in 
design  guides  for  specific  facilities). 

The  first  descriptive  element  of  the  PDB  is  a  narrative  outline  stating  the  general 
nature  of  the  project  and  its  intended  function.  The  remaining  elements  give  information 
which  the  design/construction  agency  must  consider  in  its  approach  to  the  design  of  the 
project. 

Phase  1 

The  information  developed  in  the  PDB-1  is  general  in  nature  and  is  designed  to  pull 
together  the  information  required  to  prepare  the  initial  DD  Form  1391  and  to  provide 
preliminary  information  about  a  project  to  the  MACOM.  The  PDB-1  helps  establish  a 
reasonably  accurate  scope  for  a  project  and  identify  items  which  will  have  a  significant 
impact  on  project  cost.  The  installation  DEH  has  primary  responsibility  for  the  develop¬ 
ment  of  the  PDB-1. 
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The  PDB-1  has  five  main  parts: 

1.  Cover  Page:  project  name,  using  organization  information  (from  AR  415-28 
Department  of  the  Army  Facility  Classes  and  Construction  Categories  [HQDA,  1  Novem¬ 
ber  1981]),  and  project  number 

2.  Functional  Requirements  Summary:  objective  of  the  facility  and  occupant 
organizations,  types  of  spaces  (including  major  requirements  and  size),  and  any  antici¬ 
pated  changes 

3.  Facilities  Requirements  Sketch:  a  sketch  of  all  primary  facilities  and  all  sup¬ 
porting  facilities 

4.  Documentation  Checklist:  preliminary  checklist  of  approvals,  coordinations, 
studies,  analyses,  and  similar  items  which  must  be  acted  upon  in  the  early  stages  of  pro¬ 
ject  planning 

5.  Technical  Data  Checklist:  the  technical  and  site  development  items  which  are 
significant  for  sizing  and  costing  a  project. 

Items  4  and  5  include  several  project  categories  such  as  Special  Considerations  (risk,  con¬ 
struction  requirements);  Site  Development;  Architectural  and  Structural;  Mechanical, 
Electrical,  and  Utility  Systems;  Environmental  Considerations;  and  Fire  Protection. 
Checklist  functions  in  these  items  are  classified  as  Required,  Not  Required,  To  Be 
Determined,  Comment  Attached,  or  Document  Attached. 

Suggested  Strategies  for  Phase  1 

1.  During  the  preparation  of  the  Functional  Requirements  Summary  and  Facilities 
Requirements  Sketch,  it  is  suggested  that  energy  conservation  techniques  appropriate  to 
that  facility  type  and  the  particular  spaces  it  is  made  up  of  should  be  considered.  The 
reasoning  for  this  is  to  initiate  the  awareness  of  energy  conservation  at  this  early  stage 
of  project  development.  Basic  energy  considerations  which  could  be  incorporated  into 
the  formulation  of  the  Facilities  Requirements  Sketch  include  microclimate  considera¬ 
tions  such  as  wind  speed  and  direction;  building  orientation  factors  such  as  solar  avail¬ 
ability,  functional  groupings,  and  axial  considerations;  and  building  volumetric  alterna¬ 
tives.  In  keeping  with  the  general  nature  of  the  Summary  and  Sketch,  these  considera¬ 
tions  should  be  kept  as  simple  and  basic  as  possible.  Also,  detailed  study  of  these  is  the 
designer's  responsibility. 

2.  During  the  preparation  of  the  Documentation  and  Technical  Data  Checklists, 
attention  should  be  given  to  the  Mechanical,  Electrical  and  Utility  Systems  category  to 
be  sure  the  necessary  analyses  are  done  to  provide  the  most  energy  efficient  systems. 
An  important  analysis  that  can  have  a  significant  effect  on  the  completed  facility  is  the 
life  cycle  cost  analysis1*  of  various  fuel  types  and  conservation  strategies.  This  study 
should  definitely  be  done. 

3.  Items  in  the  Technical  Data  Checklist  which  may  affect  energy  consumption  and 
should  be  addressed  at  this  point  are  site  development  and  landscaping  and  possible  use  of 
passive  techniques.  The  life  cycle  cost  of  these  techniques  should  be  considered. 


4 AR  11-28,  Economic  Analysis  and  Program  Evaluation  for  Resource  Management 
(HQDA,  2  December  1975);  Technical  Manual  (TM)  5-802-1,  Economic  Studies  for 
Military  Construction  Design— Applications  (HQDA,  31  December  1986). 
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Phase  2 


The  information  developed  in  the  PDB-2  is  detailed,  consisting  of  total  user 
requirements  and  complete  site  and  utility  support  information.  Principal  responsibilities 
for  the  PDB-2  preparation  lie  with  the  design  agent,  the  Corps  of  Engineers  District 
Office.  The  user's  contribution  to  the  PDB-2  consists  of  the  detailed  functional  require¬ 
ments  for  the  facility. 

The  PDB-2  is  organized  like  the  PDB-1  and  contains  updated,  or  more  detailed, 
information  about  the  facility.  Like  the  PDB-1,  the  PDB-2  has  five  main  parts: 

1.  Cover  Page:  project  name  and  number 

2.  Detailed  Functional  Requirements:  summary  and  detailed  data  information  that 
is  structured  for  the  designer's  use  in  developing  a  satisfactory  solution 

3.  Facilities  Requirements  Sketch:  sketch  that  is  essentially  identical  to  the  one 
for  the  PDB-1,  though  it  should  be  updated  for  the  PDB-2 

4.  Documentation  Checklist:  an  updated  PDB-1  Documentation  Checklist 

5.  Design  Data  Checklist:  detailed  checklist  of  supporting  information  and  cross 
references  to  items  in  the  PDB-1  Technical  Data  Checklist. 

Items  4  and  5  are  classified  like  the  similar  items  in  the  PDB-1. 

Suggested  Strategies  for  Phase  2 

1.  Using  the  detailed  users'  functional  requirements,  areas  that  should  be  analyzed 
at  this  time  for  their  impact  on  energy  use  are: 

•  The  interrelationships  of  the  various  spaces  can  be  determined  with  the  use  of  an 
energy  matrix  (based  on  standard  adjacency  matrices:  see  Additional  Tools 
below  for  discussion  and  example). 

•  The  orientation-  and  location-related  functional  requirements  of  the  space  can 
be  studied  with  respect  to  the  space  environmental  requirements. 

•  Site  location  studies  should  be  completed  and  related  to  placement  of  functional 
spaces. 

2.  The  same  careful  attention  should  be  given  to  the  Mechanical,  Electrical  and 
Utility  Systems  category  when  the  Documentation  Checklist  is  updated  as  when  it  was 
first  prepared. 

3.  In  preparing  the  Design  Data  Checklist,  energy  conserving  strategies  should  be 
incorporated  into  the  various  disciplines,  e.g.,  site,  architectural,  mechanical,  etc. 
Energy  conservation  techniques  could  be  briefly  reviewed  and  rated  for  immediate  rejec¬ 
tion  or  further  study. 
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DD  Form  1391  Submittal  Package 

The  DD  1391  is  a  programming  document  which  furnishes  descriptive  data,  cost 
estimates,  and  justification  data  for  a  project.  The  1391,  like  the  PDB,  is  produced  in 
two  phases:  (1.)  initial  or  "front  page,"  which  is  seen  at  all  levels  of  review,  and  (2.)  full, 
which  contains  more  detailed  and  supporting  information.  The  1391  data  is  seen/ 
reviewed  by  all  organizations  up  the  chain  of  command  from  the  user/preparer— the 
MACOM,  Headquarters,  DA  (HQDA),  and  Office  of  the  Secretary  of  Defense  (OSD)/ 
Office  of  Management  and  Budget  (OMB)— and  is  eventually  submitted  to  Congress  for 
review  and  approval.  There  are  numerous  occasions  in  this  path  when  a  project  may  be 
rejected  due  to  incomplete  or  inaccurate  data  on  the  1391.  Requirements  for  prepara¬ 
tion  of  the  1391  data  are  provided  in  AR  415-15. 

Initial  DD  Form  1391 

The  initial  ("front  page")  DD  Form  1391  contains  11  blocks  of  information: 

Blocks  1  through  7.  These  contain  identifying  project  information  such  as  date, 
location,  facility  type,  category  code,  size,  etc.  The  gross  floor  area  listed  here  must  be 
carried  throughout  the  design  because  the  scope  of  any  project  acted  on  by  OSD,  OMB, 
and  Congress  cannot  be  increased.  As  defined  in  Glossary  4  of  AR  415-15,  gross  floor 
area  is 

The  total  usable  area  of  all  floors,  including  mezzanines,  base¬ 
ments  and  penthouses  as  determined  by  the  effective  outside 
dimensions  of  the  building.  One  half  area  shall  be  included  for 
uncovered  loading  platforms,  covered  ground  level  or  depressed 
loading  facilities  and  covered  but  not  enclosed  passageways, 
porches,  and  balconies  and  stairs.  Exterior  uncovered  stairs, 
uncovered  stoops,  paved  terraces  and  all  enclosed  space  having 
an  average  ceiling  height  less  than  7  ft  shall  be  excluded. 

Unless  noted,  the  gross  area  allowance  does  not  include  required  mechanical  equipment 
space. 

Blocks  8  and  9.  These  contain  cost  estimates.  Block  8  is  the  total  estimate,  and 
Block  9  itemizes  costs  in  some  detail.  Contingency  and  supervision  and  administration 
(S&A)  costs  are  also  shown  here. 

Block  10.  This  contains  a  description  of  proposed  construction. 

Block  ll.  This  contains  additional  mission  requirements  and  discussion. 

Suggested  Strategies  for  Initial  1391 

Blocks  1  through  7.  The  type  and  size  of  the  facility  and  its  location  are  the  main 
inputs  for  choosing  energy  conserving  techniques.  A  computer-based  system  could  be 
used  at  this  point,  possibly  in  conjunction  with  the  1391  Processor,  to  suggest  appropriate 
strategies  before  cost  has  been  established. 

Blocks  8  and  9.  The  cost  of  energy  saving  strategies  should  be  available  to  the 
planner.  Mechanical  system  costs  are  currently  integrated  into  the  square  foot  primary 
facility  costs.  This  cost  could  be  broken  out  and  listed  separately  as  a  supporting  facil¬ 
ity,  as  the  electrical  systems  are  now.  Likewise,  costs  for  other  energy  conserving 
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strategies,  such  as  special  passive  solar  considerations,  should  be  listed  in  these  blocks. 
Operation  and  maintenance  costs  of  alternative  mechanical  systems  could  also  be  shown 
here.  ’'Site  improvements”  fall  under  the  category  of  Supporting  Facilities.  Landscaping 
as  a  means  to  conserve  energy  can  be  considered  under  this  heading. 

Block  10.  Any  unusual  energy  saving  techniques  can  be  brought  up  here,  such  as 
underground  building,  berming,  active  solar  technologies,  or  trombe  walls. 

Full  DO  Form  1391 

The  full  DD  Form  1391,  created  after  initial  (Code  1)  authorization,  contains  four 
groups  of  information: 

Initial  1391.  The  data  described  previously  is  included  in  its  entirety. 

Eighteen  Justification  Paragraphs.  Of  these,  Paragraphs  1,  General;  5,  Criteria  for 
Proposed  Construction;  11,  Economic  Justification;  12,  Utility  and  Telecommunication 
Support;  14,  Project  Development  Brochure;  and  15,  Energy  Requirements  have  direct 
energy  implications.  These  paragraphs  deal  with  general  information,  fuel  type  informa¬ 
tion,  site  sketches,  utility  support,  and  a  summary  of  the  Energy  Requirements  Appraisal 
that  appears  in  Special  Requirements  Paragraph  3  (see  below). 

Special  Requirements  Paragraphs  (SRPs).  SRP3,  the  Energy  Requirements  Apprais¬ 
al,  should  contain  statements  on  how  the  project  will  comply  with  energy  conservation 
demands  and  on  alternatives  that  will  reduce  energy  demands.  The  subparagraphs  of 
SRP3  include:  Estimated  Energy  Consumption  for  Heating  System,  Air-Conditioning  Sys¬ 
tem,  Water  Supply;  Energy  Sources  for  Heating,  Electrical  Power,  Air-Conditioning; 
Energy  Conservation;  Energy  Alternatives;  Energy  Effects;  and  Basis  of  Appraisal.  The 
other  SRPs  have  limited  energy  implications. 

Supplemental  Data  Blocks  A  through  F.  Block  A  contains  the  estimated  annual 
operational  costs  for  the  proposed  facility,  including  energy  costs.  Blocks  C  and  D  pre¬ 
sent  25-year  life  cycle  cost  figures  for  the  proposed  facility,  including  energy  costs.  The 
other  blocks  have  limited  energy  implications. 

Suggested  Strategies  for  Full  1391 

Justification  Paragraphs.  Results  of  required  studies  of  alternative  fuels  (or  a  jus¬ 
tification  of  why  a  study  was  not  necessary)  could  be  placed  in  Paragraph  1.  The  building 
orientation  aspect  ratio  (ratio  of  surface  area  to  volume)  and  solar  access  should  be  con¬ 
sidered  when  the  site  sketch  is  prepared. 

A  comparison  of  the  energy  consumption  of  the  old  facility  and  the  proposed  facil¬ 
ity  might  be  inserted  in  Paragraphs  2  through  4,  as  appropriate. 

Exceptions  to  established  criteria  must  be  discussed  in  Paragraph  5,  including  any 
anticipated  differences  from  DOD  energy  budgets.  New  criteria  based  on  climate  and/or 
building  function  must  be  proposed  at  this  time.  If  an  alternate  energy  type  analysis  was 
warranted,  it  could  be  presented  in  Paragraph  12.  A  summary  of  a  life  cycle  cost  analy¬ 
sis  of  a  building's  energy  consumption  could  be  included  as  part  of  Paragraph  15. 
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Special  Requirements  Paragraphs.  The  required  energy  budget  could  be  compared 
to  the  estimated  consumption  in  SRP-3,  the  Energy  Requirements  Appraisal,  to  roughly 
estimate  what  changes  should  take  place.  In  addition,  a  life  cycle  cost  analysis  should  be 
made  to  find  out  the  financial  impact  of  reducing  energy  consumption  over  a  long  period 
of  time.  A  few  separate  analyses  could  be  done  using  various  energy  saving  techniques, 
including  passive  solar  methods.  However,  it  should  be  noted  that  energy  budgets  are 
design  measures  for  judging  design  alternatives  and  are  not  meant  to  be  used  to  estimate 
actual  consumptions. 

Accompanying  the  SRPs  are  site  plans  that  represent  relationships  between  the 
project,  supporting  facilities,  and  related  facilities  and  show  the  suitability  of  the  site 
for  the  project.  Two  items  that  should  be  considered  when  preparing  the  site  plans  are 
the  orientation  of  windows  and  entrances  and  the  aspect  ratio. 

Supplemental  Data  Blocks.  The  estimated  annual  cost  to  operate  the  facility 
should  be  presented  for  several  different  options,  each  employing  an  energy  saving  tech¬ 
nique  that  has  already  been  chosen  for  its  optimum  performance.  The  number  of  persons 
needed  to  operate  the  facility  and  the  life  cycle  cost  should  be  given  for  each  option 
also. 


Facility  -  Space  Breakdown 

Recognition  of  energy  conservation  during  the  early  design  stages  can  also  be 
increased.  This  can  be  done  by  studying  the  major  space  types  within  a  building  and  the 
energy  aspects  associated  with  those  space  types. 

Ongoing  research,  such  as  that  conducted  by  the  TVA  and  the  Department  of 
Energy  (DOE),  illustrates  energy  usage  of  buildings  based  on  space  types  contained  in 
those  buildings.5  However,  guidance  presented  to  the  planners  and  to  the  designer 
(through  the  PDB  and  1391  documents)  represents  only  the  abstract  category  codes  of  the 
facility  (from  AR  415-28).  Some  generic  space  types  are  inherent  in  certain  categories, 
but  additional  work  will  be  necessary  by  the  designer  to  determine  an  exact  breakdown. 

Merely  breaking  down  the  proposed  facility  into  space  types  is  not  sufficient  to 
completely  categorize  the  building's  energy  use.  Whole  buildings  must  be  considered 
since  differing  space  types  may  cause  synergistic  effects  in  the  building's  energy  con¬ 
sumption. 


Energy  Matrix 

A  tool  used  in  early  design,  the  adjacency  matrix  concept,  can  be  adapted  for  con¬ 
sidering  energy  impacts  on  the  facility.  The  energy  matrix  presented  here  grew  from  a 
seminar  held  at  USA-CERL  in  February  1984. 6  A  group  of  interested  architects  and 
engineers  discussed  various  approaches  that  could  be  used  as  tools  in  early  considerations 
of  energy  impacts.  The  group  wanted  simple,  accurate  methods  of  describing  energy 
aspects  of  buildings  based  on  information  known  at  a  particular  design  stage.  The  energy 


5 Development  of  Whole-Building  Energy  Design  Targets  for  Commercial  Buildings: 
Phase  I— Planning  (Department  of  Energy,  August  1987). 

6Dwight  Beranek,  Minutes  of  USA-CERL-sponsored  Early  Design  Seminar,  February 
1984. 
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matrix  combines  the  typical  information  of  adjacency  matrices  with  the  energy  require¬ 
ments  identified  in  research  such  as  that  of  TV  A  and  DOE.  When  a  new  building  is  in  the 
concept  design  stage,  this  matrix  can  be  used  to  evaluate  the  energy-related  aspects  of 
the  facility.  An  example  matrix  is  shown  in  Table  1.  The  column  headings  used  in  Table 
1  are  explained  in  Table  2.  The  requirements  were  validated  in  studies  done  by  Lawrence 
Berkeley  Laboratory  (LBL)  in  connection  wih  this  research. 

This  energy  matrix  concept  is  being  taught  in  the  USACE  PROSPECT  course 
"Energy  Conservation  Design  for  New  Buildings." 


Table  1 
Energy  Matrix 


Room/ 

Space 

Type 

Heat 

Producing 

Equipment 

Temp 

Req. 

<°F) 

Occupancy 

Schedule 

(hr/day) 

Light 

Level 

<ft.c) 

People 

Load 

Vent 

Load 

Area 

(weighting 

factor) 

Private 

Offices 

MIN 

68-78 

H-C 

8-5 

5-day 

50 

LOW 

MED 

% 

Admin. 

MED 

68-78 

8-5 

H-C 

50 

5-day 

MED 

MED 

% 

Class¬ 

rooms 

MIN 

68-78 

H-C 

8-10 

6-day 

50 

HIGH 

HIGH 

% 

AV/ADP 

MAX 

75 

8-5 

50 

5-day 

LOW 

LOW 

% 

Confer¬ 

ence 

MIN 

68-78 

H-C 

Intermittent 

5-day 

30 

HIGH 

HIGH 

% 

Storage 

MIN 

50-90 

N/A 

H  only 

5 

NIL 

NIL 

% 

Rest¬ 

rooms 

MIN 

68-90 

H  only 

8-10 

6-day 

20 

LOW 

HIGH 

% 

MECH 

MAX 

50-90 

H  only 

N/A 

15 

NIL 

NIL 

-HIGH 

% 

20 


Table  2 


Room/Space  Type 

Heat  Producing  Equipment 

Temperature 

Occupancy  Schedule 
Lighting  Level 

People  Load 

Area 

(weighting 

factor) 


Energy  Matrix  Headings 


The  space  designation  that  would  typify  a  room  or  group 
of  rooms.  Examples  are:  private  offices,  open  offices, 
classrooms,  computer  rooms,  conference  facilities, 
restrooms,  laboratories,  living  quarters,  kitchens,  etc. 

An  indication  of  the  amount  of  heat  producing  equip¬ 
ment  that  would  be  located  in  areas  of  that  space 
type.  Minimum,  Medium,  and  Maximum  could  be  used 
during  early  planning  stages  with  actual  amounts  filled 
in  for  a  building  after  more  detail  is  known. 

The  temperature  controls  that  will  be  used  to  moderate 
the  space.  An  indication  is  given  as  to  whether  the 
space  will  be  heated  (H),  cooled  (C),  or  some  combina¬ 
tion  thereof. 

Scheduled  occupancy  times  in  hours/day  and  week. 

An  approximate  lighting  level  given,  either  in  foot 
candles  or  other  appropriate  units  or  in  ranges  such  as 
Minimum,  Medium,  or  Maximum. 

An  indication  of  the  number  of  people  in  the  space 
type.  High,  Medium,  Low,  or  None  could  be  used  in 
beginning  planning  stages,  whereas  later  planning  and 
design  stages  could  designate  actual  amounts. 

An  indication,  by  percent  or  proposed  square  footage, 
of  amount  of  the  space  type  in  the  entire  facility. 

This  number  can  be  used  as  a  weighting  factor  in  deter¬ 
mining  the  effectiveness  of  a  proposed  energy  conserva¬ 
tion  measure.  For  example,  if  an  energy  conservation 
measure  could  be  very  effective  in  a  generic  space 
type,  but  that  space  type  were  only  a  minimal  area  of 
the  building,  then  the  energy  conservation  measure 
could  be  seen,  in  context,  as  not  being  a  significant 
impact  to  the  overall  building  energy  consumption. 
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4  DEVELOPMENT  OF  NEW  GUIDANCE  AND  METHODS 


Energy  Conservation  Options 

The  TVA  developed  a  list  of  energy  conservation  options  that  could  be  applied  prior 
to  the  very  early  stages  of  Army  facility  design.  USA-CERL  developed  descriptions  for 
these  options,  which  are  listed  in  Appendix  A.  PDB-1  facility  specifications  are  broad; 
thus  these  options  are  quite  general.  From  this  pool  of  possible  solutions,  several  alter¬ 
natives  can  be  chosen  that  are  suitable  for  the  specific  facility  and  location. 


Option  Selection  Matrices 

Given  this  pool  of  options,  some  criteria  are  needed  to  guide  the  planner  in  select¬ 
ing  appropriate  ones.  The  TVA  adapted  a  method  from  their  previous  research7  for  use 
with  Army  buildings.  This  method  uses  a  set  of  three  matrices  that  allow  planners  to  use 
space  and  weather  criteria  to  select  options  for  a  facility  in  a  given  location.  The  com¬ 
plete  matrices  are  given  in  Appendix  B.  They  use  12  space  types,  13  space-dependent 
criteria,  and  15  weather  criteria;  these  are  listed  in  Appendix  B,  Table  Bl. 

The  planner  first  assembles  the  space  and  weather  data.  Matrix  1  gives  character¬ 
istic  values  for  the  space-dependent  criteria,  by  space  type.  These  are  dimensionless 
ranking  values,  which  are  based  on  a  scale  of  1  to  10.  (The  one  exception  is  air  rate, 
which  denotes  maximum  air  flow  rates  in  fpm.)  For  example,  the  space  type  "classroom" 
has  a  "daytime  use"  value  of  8.  Weather  data  is  not  given  in  this  report;  it  is  available 
from  other  sources.* 

To  find  feasible  options,  the  planner  compares  the  space  characteristics  and 
weather  data  for  the  facility  in  question  with  threshold  values  for  each  option.  For  each 
energy  conservation  option  from  Appendix  A,  Matrix  2  gives  the  thresholds  for  weather 
criteria,  and  Matrix  3  gives  the  thresholds  for  space  criteria.  (Matrices  2  and  3  are 
shown  together  for  convenience.)  A  column  showing  >=  or  <=  indicates  whether  the  value 
for  that  criterion  is  a  lower  or  upper  limit,  respectively.  For  example,  one  threshold  for 
the  option  "direct  gain  glazing"  is  "daytime  use"  >=  7. 

An  option  is  feasible  for  a  given  space  type  only  if  it  meets  the  threshold  for  every 
criterion.  A  variety  of  feasible  options  will  be  found,  corresponding  to  the  various  space 
types  in  the  facility.  For  example,  direct  gain  glazing  might  at  first  seem  like  a  feasible 
option  for  classrooms.  Its  daytime  use  is  8,  above  7  as  required;  nighttime  use  is  2, 
below  3  as  required.  However,  its  occupancy  level  is  10,  where  Matrix  3  requires  an 
occupancy  level  <=  4.  That  means  direct  gain  glazing  should  not  be  used  in  classrooms. 


1  Energy  Design  Guidelines  for  Schools  (Tennessee  Valley  Authority  [TVA],  March  1985). 

*USA-CERL  generated  the  needed  weather  data  from  actual  hourly  weather  data  using 
the  Weather  Information  File  Encoder  (WIFE)  program  of  the  Building  Loads  Analysis 
and  System  Thermodynamics  (BLAST)  system.  Another  source  is  the  triservices  manual, 
Engineering  Weather  Data  (Air  Force  Manual  [AFM]  88-29,  TM  5-785,  or  Naval  Facili¬ 
ties  Engineering  Command  [NAVFAC]  Publication  NAVFAC  P-89). 
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Generalized  Energy  Approach  Sentence 

Because  of  the  large  number  of  options,  the  TVA  matrices  are  awkward  to  use. 
Therefore,  two  other  matrices  were  developed  that  limit  and  prioritize  the  options. 
From  these,  the  planner  can  generate  a  sentence  (following  a  standard  format)  that  indi¬ 
cates  the  energy  conservation  approaches  which  should  be  investigated  further.  This  sen¬ 
tence  could  be  used  on  the  initial  DD  Form  1391. 

The  first  step  in  developing  these  matrices  was  grouping  the  energy  conservation 
options  of  Appendix  A  into  14  general  categories.  These  categories  were  further  grouped 
based  on  whether  they  contained  primarily  heating,  cooling,  ventilating,  lighting  or  whole 
building  options  (see  Appendix  C  for  this  hierarchy).  Next,  a  matrix  was  created  (based 
on  professional  judgment)  showing  the  primary  and  secondary  loads  on  a  space  by  space 
type  and  Army  climatic  region.  The  loads  considered  were  heating,  cooling,  ventilating, 
and  lighting.  Figure  Dl,  Appendix  D  shows  the  seven  Army  climatic  regions,  and  Table 
D1  shows  the  resulting  matrix.  Finally,  a  more  detailed  version  of  Table  Dl  was  devel¬ 
oped,  shown  in  Table  D2.  It  gives  the  number  (1  to  14  from  Appendix  C)  of  the  two  gen¬ 
eral  energy  conservation  categories  which  are  most  applicable  for  the  given  load  (pri¬ 
mary  or  secondary)  in  the  specified  space  type  and  Army  climatic  region.  Table  Dl  is 
needed  to  identify  the  type  of  load. 

From  Tables  Dl  and  D2,  enough  information  is  now  available  to  program  a  gener¬ 
alized  energy  conservation  approach  sentence.  This  is  a  suggested  form  for  the  sentence: 

In  a  _  in  region _ _ ,  the  principal  energy 

(space  type)  (Climatic  region) 

loads  will  be  _ and  _ .  To  increase 

^(primary  load)  (secondary  load) 

the  energy  effectiveness  of  this  facility,  energy  saving  efforts 

should  be  directed  toward _ _ 

(option  categories  for  primary  load) 

and _ _ _ . 

(option  categories  for  secondary  load) 


Example: 

In  an  office  in  region  2,  the  principal  energy  loads  will  be  heating  and 
lighting.  To  increase  the  energy  effectiveness  of  this  facility,  energy 
saving  efforts  should  be  directed  toward  Building  Shell  Strategies  for 
Heating  [2],  HVAC  Heating  System  Strategies  [5],  Building  Shell  Stra¬ 
tegies  for  Lighting  [11],  and  Lighting  Equipment  Strategies  [12]. 

[Numbers  are  for  illustration  only;  compare  with  Table  D2.] 

The  process  of  using  the  data  in  the  option  selection  matrices  to  produce  general¬ 
ized  sentences  could  easily  be  automated.  A  help  function  further  defining  the  gener¬ 
alized  conservation  categories  could  be  included. 
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Budget  Figures  for  Energy  Conservation 


New  project  designs  are  required  to  incorporate  energy  conservation  features  un¬ 
less  a  life  cycle  cost  analysis  suggests  that  there  are  more  effective  alternatives.8  That 
is,  the  amount  spent  on  including  energy  conservation  features  must  not  exceed  the  ex¬ 
pected  life  cycle  (energy  and/or  other  operating  costs)  savings  from  those  features. 
Thus,  planners  must  know  the  potential  savings  in  $/sq  ft  that  could  be  realized  from 
each  proposed  option.  This  estimated  savings  could  be  included  on  DD  1391  in  Blocks  8 
and  9. 


In  this  research,  the  potential  energy  savings  was  calculated  for  each  USA- 
CERL/TVA  space  type  at  each  Army  installation.  Three  intermediate  values  were 
needed  to  arrive  at  this  savings  figure:  a  "before"  energy  consumption  figure  in 
kBtu/sq  ft/yr,  an  "after"  energy  consumption  figure,  and  the  installation's  energy  cost  in 
$/Btu.  For  the  energy  costs,  figures  from  the  National  Bureau  of  Standards  were  used. 9 
For  the  energy  consumption  values,  USA-CERL  chose  to  use  the  design  energy  target 
(energy  budget)  figures  established  by  the  Army  and  Air  Force. 1 0  These  artificial  units 
of  measure,  which  are  used  in  setting  design  criteria,  are  the  only  well-establish  means 
of  judging  the  energy  efficiency  of  buildings.  The  Army  ETL  was  used  for  the  "before" 
figures,  since  it  reflected  the  energy  design  goals  for  FY85  buildings.  The  "after"  figures 
came  from  the  Air  Force  ETL,  which  sets  the  goals  for  FY95  and  reflects  the  reduction 
that  could  realistically  be  achieved.  (A  10  percent  reduction  from  FY85  figures  is  man¬ 
dated  for  new  buildings.)1 1  It  is  assumed  that  new  buildings  will  be  designed  so  that  their 
energy  consumption  meets  these  goals.  (The  Army  had  not  completed  development  of 
new  guidance  for  FY95  at  the  time  this  work  was  done.  The  current  Army  energy  guid¬ 
ance  for  FY95  is  described  in  Architectural  and  Engineering  Instructions-Design  Criteria, 
Chapter  II,  "Energy  Conservation  Criteria"  (OCE,  13  Mar  87.) 

Some  adjustment  was  necessary  since  the  energy  budget  numbers  in  the  Army  and 
Air  Force  ETLs  are  given  by  facility  category  code  instead  of  by  the  space  types  used  in 
the  matrices.  Table  3  shows  the  correspondence  between  the  USA-CERL/TVA  space 
types  and  the  Army/Air  Force  category  codes. 

To  calculate  the  actual  savings,  the  difference  (in  kBtu/sq  ft/yr)  was  found  between 
the  Army  (FY85)  and  Air  Force  (FY95)  energy  consumption  figures.  Then  this  difference 
was  multiplied  by  the  installation  energy  cost  in  $/kBtu,  then  by  a  20-yr  life  cycle.  The 
results  of  these  calculations,  the  savings  in  $/sq  ft,  are  given  in  Appendix  E.  The  accur¬ 
acy  of  these  figures  should  be  tested.  Once  their  reliability  has  been  proven,  they  can  be 
considered  for  inclusion  in  the  initial  DD  1391. 


9 Architectural  and  Engineering  Instructions-Design  Criteria ,  Chapter  11,  "Energy 
Conservation  Criteria"  (Office  of  the  Chief  of  Engineers,  13  March  1987). 

3 Energy  Prices  and  Discount  Factors  for  Life-Cycle  Cost  Analysis ,  NBSIR  85-3273 
(National  Bureau  of  Standards,  November  1985). 

10 Army  Engineering  Technical  Letter  (ETL)  1110-3-309,  interim  Energy  Budgets  for  New 
Facilities  (USACE,  30  August  1979);  Air  Force  ETL  86-1,  Energy  Budget  Figures  ( EBFs ) 
for  Facilities  in  the  Military  Construction  Program  (U.S.  Air  Force,  3  February  1986). 

1 ‘Department  of  the  Army  Energy  Resources  Management  Plan  FY86-FY95  (Office  of 
the  Deputy  Chief  of  Staff  for  Logistics,  21  January  1987). 


Table  3 


Correlation  of  Space  Types  and  Army/Air  Force  Category  Codes 


USA-CERL/TVA 
Space  Type 


Army  Category 
Code 


Classroom 

Laboratory 

Office 

Circulation 

Lounge 


Cafeteria 
Library 
Warehouse 
Garage 
Computer  Center 
Flight  Simulator 
Barracks 

Medical  Facilities 


School 

Research  and  Development 
Office 

No  matching  space  types 

Average  of  Community 

Facilities-Personnel, 

Community  Facilities-Moral, 

Welfare,  Recreational, 

and  Clubs 

Dining  Facilities 

Office 

Storage 

Storage 

Research  and  Development 
Research  and  Development 
Average  of  housing — Family 
and  Bachelor 
Hospital  Buildings 


USA-CERL/TVA 

• 

• 

Air  Force 

Space  Type 

Category  Code 

Classroom 

• 

• 

School  (Ceiling:  10  ft) 

Laboratory 

• 

• 

Instrumentation  and  Testing 
Facilities 

Office 

• 

• 

Office  (area  >  8000  sf) 

Circulation 

• 

• 

No  matching  space  types 

Lounge 

Clubs 

Cafeteria 

• 

• 

Dining  Facilities 

Library 

• 

• 

Community  Facilities 

Warehouse 

• 

• 

Average  of  Heated  Storage  and 
Storage 

Garage 

: 

Average  of  Heated  Storage  and 
Storage 

Computer  Center 

Instrumentation  and  Testing 

Flight  Simulator 

• 

School 

Barracks 

• 

• 

Housing 

Medical  Facilities 

Hospital  Building 

5  PRELIMINARY  AUTOMATED  ENERGY  PLANNING  MODULE 


Although  TVA's  selection  matrices  (described  in  Chapter  4;  shown  in  Appendix  B) 
work  quite  well  in  selecting  energy  conservation  options,  the  task  is  quite  time- 
consuming  and  tedious  to  do  by  hand.  An  automated  module  would  minimize  the  effort 
needed  to  implement  the  matrices  and  would  make  the  selection  process  more  efficient. 
After  proper  field  testing,  the  module  could  be  considered  for  incorporation  in  the  1391 
Processor. 

Several  meetings  were  held  during  the  course  of  this  project  with  the  proponent  and 
supporters  of  the  1391  Processor  system.  Though  generally  supportive  of  the  USA-CERL 
effort,  they  noted  that  the  1391  Processor  is  mainly  a  text  generating  system.  It  does 
not  interpret  what  the  user  has  put  into  the  blocks  being  created.  Ideally,  an  energy 
planning  module  would  generate  recommendations  by  linking  information  on  facility  type, 
location,  size,  and  cost.  For  such  a  module  to  operate  within  the  1391  system,  as  it  cur¬ 
rently  stands,  the  planner  would  have  to  enter  facility  category  codes,  locations,  sizes, 
etc.  more  than  once. 

Since  the  1391  document  is  seen  at  many  levels,  including  Congress,  it  must  be  very 
accurate.  Therefore,  rather  than  attempting  to  incorporate  a  premature  and  possibly  in¬ 
accurate  energy  planning  module  into  the  existing  1391  Processor  (which  was  under  study 
for  revision),  the  research  focused  on  module  development  and  verification. 

Many  different  approaches  would  be  feasible  for  developing  an  energy  planning 
module,  but  expert  system  concepts  are  particularly  attractive.  An  expert  system  could 
convert  the  information  in  the  TV  A  matrices  into  a  form  that  would  be  much  easier  to 
use.  The  expert  system  approach  would  also  allow  easy  updates  of  the  data  base,  and  has 
the  potential  of  having  the  system  learn  from  new  or  more  detailed  information  from  the 
users.  Expert  systems  can  be  developed  using  normal  programming  languages,  special¬ 
ized  languages,  or  commercially  available  shells.  In  the  interest  of  conserving  resources, 
EXSYS*,  an  inexpensive  shell  for  IBM-compatible  personal  computers  was  chosen.  Using 
EXSYS  and  the  data  contained  in  the  matrices,  a  prototype  energy  planning  module  has 
been  developed. 

The  prototype  system  is  relatively  easy  to  use.  It  prompts  the  user  in  simple 
English  for  each  input  value.  First  it  asks  the  user  to  select  a  location  for  the  facility. 
From  this  the  system  determines  what  weather  data  to  use  in  its  analysis.  For  the  proto¬ 
type  version,  13  locations  were  programmed  into  the  system,  but  additional  locations  can 
be  added.  If  the  location  the  user  wants  is  not  available,  he  or  she  has  the  option  of  pro¬ 
viding  the  weather  data  for  the  chosen  location  by  selecting  the  option  "weather  data 
provided  by  user."  The  system  then  prompts  the  user  for  the  building's  space  types.  A 
list  of  12  space  types  is  provided,  and  the  user  simply  selects  the  appropriate  choice. 
The  user  can  add  additional  space  types  the  same  way  as  locations.  The  selection  of 
space  types  provides  the  system  with  the  necessary  space  characteristics.  The  system 
then  performs  its  analysis  and  lists  the  applicable  energy  conservation  options  for  the 
facility.  The  order  of  the  options  has  no  significance. 

Because  the  prototype  system  was  developed  as  an  example,  it  still  has  some  rough 
edges.  For  example,  the  location  must  be  repeated  every  time  an  additional  space  type 
is  added.  Also,  if  users  want  to  add  their  own  locations,  they  may  have  difficulty 
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collecting  all  the  various  weather  data  required.  Neither  of  these  problems  are  insur¬ 
mountable,  and  further  development  should  resolve  them. 

Before  this  module  can  be  incorporated  into  the  1391  Processor,  it  needs  to  be  con¬ 
firmed  that  the  options  selected  by  the  module  are  appropriate  to  the  facility  being  plan¬ 
ned  or  designed.  A  Technology  Transfer  Test  Bed  (T3B)  field  test  has  been  conducted  at 
seven  District  offices  to  evaluate  and  validate  the  module's  energy  conservation 
options.  This  is  necessary  because  not  all  options  are  appropriate  for  all  locations.  The 
districts  selected~Fort  Worth,  Louisville,  Mobile,  Omaha,  Sacramento,  Savannah,  and 
Seattle—represent  diverse  geographical  areas  and  climatic  conditions. 

Designers,  engineers,  and  planners  at  the  districts  were  asked  to  review  the  set  of 
options,  and  apply  them  in  theory  to  a  variety  of  recently  completed  or  in-progress  pro¬ 
jects  within  their  jurisdiction.  They  were  then  asked  to  indicate  which  options  had  been 
or  should  have  been  properly  studied  in  the  designs  for  these  projects.  Details  such  as 
location,  square  footage,  and  major  space  types  were  requested  for  each  project  they 
evaluated.  Comments  were  also  solicited  on  the  appropriateness  of  the  weather  data 
used  to  select  options.  Once  the  participants  had  selected  options  that  they  felt  were 
applicable  to  the  project(s)  being  reviewed,  they  were  asked  to  rank  them  in  order  of 
importance.  They  were  also  asked  to  identify  options  inappropriate  for  the  facility  or  for 
the  individual  space  types  contained  in  the  facility.  Finally,  additions  or  deletions  to  the 
list  of  options  were  requested.  This  field  test  was  completed  at  the  end  of  FY87.  The 
test  and  its  results  are  being  fully  documented  in  a  separate  T3B  technical  report. 
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6  EVALUATION  OF  ENERGY  CONSERVATION  STRATEGIES  IN 
TWO  STANDARD-DESIGN  BUILDINGS 


Under  an  interagency  agreement  with  USA-CERL,  Lawrence  Berkeley  Laboratory 
(LBL)  did  several  energy  analyses  to  verify  the  preliminary  guidelines  outlined  in  this 
report.  These  analyses  were  done  using  the  Building  Loads  Analysis  and  System  Thermo¬ 
dynamics  (BLAST)  program.  LBL  examined  two  standard-design  buildings:  a  Battalion 
Headquarters  building  and  a  typical  "Y"  Barracks.  First,  they  established  prototype 
building  descriptions  for  use  with  the  BLAST  program.  Using  the  BLAST  input  descrip¬ 
tions,  they  analyzed  the  applicability  and  sensitivity  of  various  building  parameters  to 
the  building  types.  BLAST  was  also  used  to  examine  the  effects  of  including  various 
energy  conservation  options  in  the  building  descriptions.  The  sensitivity  of  design  to  cli¬ 
mate  in  various  locations  was  also  considered.  Finally,  they  developed  planning/early 
design  guidelines  for  the  Battalion  Headquarters.  Similar  analyses  will  be  needed  for 
other  major  building  types. 

Selection  of  Statistically  Representative  Weather  Sites 

To  be  most  accurate,  BLAST  analyses  should  use  exact  weather  data.  However, 
this  becomes  time  consuming  and  inefficient  when  done  on  a  large  scale,  as  in  the  pre¬ 
sent  project.  To  address  this  problem,  LBL  has  performed  a  climate  analysis  which  sta¬ 
tistically  associates  each  of  the  many  Army  and  Air  Force  locations  with  one  of  a  small 
number  of  weather  sites.  LBL  had  previously  developed  methods  for  identifying  appro¬ 
priate  representative  weather  sites  for  energy  analysis  on  a  nationwide  scale.2  That 
analysis  was  performed  using  annual  climate  parameters  such  as  heating  degree  days, 
cooling  degree  days,  humidity  coincident  with  heat,  and  sunshine.  The  importance  of  a 
specific  climate  was  weighed  based  on  the  general  (civilian)  population  represented. 
Climatic  similarity  was  also  defined.  The  object  of  the  analysis  was  to  create  climatic 
regions  which  can  be  reasonably  represented  by  a  single  weather  site,  and  which  contain 
a  significant  portion  of  the  target  population. 

These  methods  were  based  on  the  general  population,  whereas  the  military  popula¬ 
tion  is  distributed  somewhat  differently.  Therefore,  LBL  developed  a  new  data  base  to 
incorporate  military  population  distribution.  (In  the  study,  158  Army  and  Air  Force  bases 
representing  about  2  million  persons  were  considered.)  The  results  of  this  data  base  cre¬ 
ation  show  that  the  major  military  population  centers  are  Washington,  DC,  Texas,  and 
the  Carolinas.  Secondary  centers  are  the  deep  South,  Kentucky,  Oklahoma,  Colorado, 
the  Southwest,  and  Washington  state.  The  traditionally  population-dominant  Midwest  and 
Northeast  have  small  military  populations  and  therefore  do  not  contribute  much.  A  short 
list  of  five  weather  sites  was  assembled  to  examine  variations  due  to  broad  climatic  dif¬ 
ferences.  A  long  list  of  10  sites  was  also  assembled  to  represent  areas  with  less  differ¬ 
ence  in  climate.  The  short  list  is  a  subset  of  the  long  list. 


1 2Anderson,  B.,  W.  Carroll,  and  Mr.  Martin,  Aggregation  of  U.S.  Population  Centers 
Using  Climatic  Parameters  Related  to  Building  Energy  Use,  Report  LBL-15230  (Law¬ 
rence  Berkeley  Laboratory,  1985).  Also  available  in  ASHRAE  Transactions,  Vol  91,  No. 
2B  (1985)  pp  183-205,  and  in  Journal  of  Climate  and  Applied  Meterology,  Vol  25,  No.  5 
(1986)  pp  596-614. 
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Atlanta,  GA 
San  Antonio,  TX 
Washington,  DC 
Colorado  Springs,  CO 
El  Paso,  TX 

Mobile,  AL 
San  Antonio,  TX 
Washington,  DC 
El  Paso,  TX 
Colorado  Springs,  CO 
Atlanta,  GA 
Raleigh,  NC 
Olympia,  WA 
Sacramento,  CA 
St.  Louis,  MO 

Thus,  all  military  bases  of  concern  to  USACE  can  be  associated  with  one  of  these  sites. 
This  means  that  the  climate  of  an  individual  base  is  closer  to  the  climate  of  the  asso¬ 
ciated  weather  site  than  to  that  of  any  other  sites  on  the  list.  For  example,  the  climate 
at  Fort  Sill  can  be  represented  by  Atlanta,  and  Fort  Riley,  KS  can  be  represented  by 
Washington,  DC.  These  representative  weather  sites  could  be  used  to  reduce  the  amount 
of  weather  data  needed  in  USA-CERL's  prototype  energy  planning  module. 

nY”  Barracks  Energy  Characterization 

To  perform  characteristic  energy  use  of  the  barracks,  BLAST  runs  were  made  using 
the  barracks  standard  design  at  each  location  on  the  long  list.  For  each  BLAST  run,  elec¬ 
tricity  and  fuel  use  were  examined,  with  electricity  use  broken  down  into  cooling,  light¬ 
ing,  fans,  and  pumps.  Fuel  use  was  broken  down  into  heating  and  domestic  hot  water 
(DHW)  consumption.  The  next  step  was  to  alter  parameters  such  as  orientation  or  light¬ 
ing  level  individually  to  check  the  sensitivity  of  energy  use  to  variations  of  each  para¬ 
meter.  Areas  exhibiting  great  sensitivity  were  investigated  further. 

From  the  locations  on  the  long  list,  Atlanta  was  chosen  as  the  baseline,  since  it 
represents  the  greatest  number  of  installations  and  because  it  represents  a  midrange  cli¬ 
mate.  In  the  barracks  simulations,  it  was  found  that  electricity  was  used  predominantly 
for  lighting  and  cooling,  while  67  percent  of  the  fuel  used  was  for  heating  and  33  percent 
for  domestic  hot  water.  Seventy-six  percent  of  the  total  energy  used  was  from  fuel, 
while  24  percent  was  from  electricity.  In  colder  locations,  heating  fuel  use  was  greater 
while  cooling  electricity  was  less,  as  could  be  expected.  The  opposite  was  true  for 
warmer  locations.  In  all  locales,  fuel  use  dominated,  accounting  for  70  to  90  percent  of 
the  total  energy  used.  Therefore,  the  focus  in  barracks  design  should  be  on  saving  energy 
from  reduced  space  heating  and  domestic  hot  water  heating. 

The  variations  in  energy  use  changed  rather  predictably  across  the  locations,  so 
further  studies  focused  on  the  two  climate  extremes  of  San  Antonio,  TX  and  Colorado 
Springs,  CO.  The  results  for  the  other  locations  should  fall  somewhere  between  the 
results  for  these  two  extreme  climates. 

Parametric  studies  were  performed  to  note  the  effect  of  varying  orientation, 
envelope  finish,  insulation  levels,  window  treatment,  electric  lighting  levels,  and  HVAC 
control  strategies.  This  was  done  to  determine  how  sensitive  energy  use  would  be  to  var¬ 
iations  in  each  parameter.  The  areas  that  showed  the  most  promise  for  large  energy 
reductions  can  then  be  studied  further. 


The  short  list  consists  of: 


The  long  list  consists  of: 
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Orientation  and  Envelope  Finish.  The  studies  revealed  that  the  effect  of  orienta¬ 
tion  alone  on  the  barracks  is  relatively  small.  The  major  effect  of  changing  orientation 
is  changing  the  facing  direction  of  windows.  Since  the  barracks  have  roughly  equal  win¬ 
dow  areas  in  all  four  directions,  the  effects  were  negligible.  Changing  the  envelope 
finish  also  showed  insignificant  energy  savings. 

Insulation  Levels.  Examination  of  the  insulation  levels  produced  interesting 
results.  Increases  in  wall  and  roof  insulation  produced  only  small  energy  savings. 
Increased  floor  insulation  greatly  increased  the  cooling  load,  apparently  by  cutting  off 
natural  cooling  through  the  slab.  Completely  removing  wall  and  roof  insulation  produced 
large  increases  in  heating  loads  in  both  extreme  locations.  Apparently,  an  optimum  level 
of  insulation  is  reached  rather  quickly. 

Window  Treatment.  Changing  the  windows  from  double  to  triple  pane  showed  little 
effect.  Increasing  the  window  area  showed  very  little  effect  in  Colorado  Springs,  pro¬ 
bably  due  to  the  fact  that  conductive  losses  were  balanced  by  solar  gains.  Slight  over¬ 
heating  occurred  in  San  Antonio  due  to  the  solar  gains  from  increased  area.  Reducing 
the  window  transmission  in  both  locations  increased  fuel  use,  but  decreased  cooling  loads 
since  solar  gains  were  reduced.  Further  study  is  needed  to  examine  synergistic  effects  of 
window  area,  window  character,  and  building  orientation. 

Lighting  Levels.  Increased  lighting  intensity  dramatically  increased  electric  use  in 
both  locations,  in  addition  to  increasing  the  cooling  load  in  San  Antonio.  Lighting  effi¬ 
ciency  is  critical  in  all  locations,  but  particularly  in  climates  where  cooling  load  domi¬ 
nates. 


HVAC  Controls.  In  the  area  of  heating,  ventilating,  and  air  conditioning  (HVAC) 
control,  expanding  the  range  of  the  temperature  deadband  produced  significant  savings, 
but  the  cost  of  expanded  setpoints  to  occupant  comfort  must  be  considered  carefully. 
Cutting  off  the  HVAC  system  to  the  bedrooms  during  the  day  produced  only  small 
savings. 

Battalion  Headquarters  Energy  Characterization 

The  study  of  the  battalion  headquarters  proceeded  in  the  same  manner  as  for  the 
"Y"  barracks.  The  initial  BLAST  runs  showed  that  electricity  use  was  evenly  split 
between  cooling,  lights,  and  fans.  Fuel  use  was  roughly  76  percent  for  heating  and  24 
percent  for  DHW.  In  Atlanta,  the  majority  of  total  energy  use  is  electricity,  at  58  per¬ 
cent.  Generally,  warmer  climates  were  electricity-dominated,  whereas  cooler  climates 
were  fuel-dominated. 

For  the  battalion  headquarters,  parametric  sensitivity  was  examined  for  building 
orientation,  envelope  finish,  insulation  levels,  thermal  mass,  window  treatments,  electric 
lighting  levels,  and  HVAC  controls. 

Orientation  and  Envelope  Finish.  Since  there  are  large  glass  areas  on  two  walls  of 
the  battalion  headquarters  building,  orientation  changes  had  a  greater  effect  on  energy 
use  than  for  barracks,  but  the  effect  was  still  not  dominant.  Care  must  be  taken  in  ori¬ 
enting  a  building  to  balance  the  positive  and  negative  effects  of  having  windows  facing 
certain  directions.  Once  again,  envelope  finish  had  only  a  minor  effect  on  total  energy 
use. 
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Insulation  Levels.  Doubling  the  wall  and  roof  insulation  produced  only  small  effects 
for  the  battalion  headquarters.  Adding  floor  insulation  yielded  energy  savings  in  Colo¬ 
rado  Springs,  but  not  in  San  Antonio.  Total  removal  of  insulation  had  a  serious  effect  in 
Colorado  Springs,  and  a  smaller  effect  in  San  Antonio.  Overall,  the  effects  of  changing 
insulation  levels  were  smaller  than  for  the  barracks,  since  the  battalion  headquarters  has 
a  much  higher  internal  load  and  is  a  thermally  massive  structure. 

Thermal  Mass,  Window  Treatment,  and  Lighting  Levels.  A  small  positive  effect 
was  gained  by  replacing  the  interior  walls  with  masonry  partitions,  thereby  increasing  the 
thermal  mass.  Any  change  that  makes  this  thermally  massive  structure  lighter  may  or 
may  not  carry  a  penalty,  so  the  effect  should  be  examined.  Only  small  effects  were 
noted  when  window  character  was  varied.  Reduced  lighting  levels  showed  energy  savings 
in  both  locations,  but  greater  benefits  were  noted  for  San  Antonio. 

HVAC  Controls.  Once  again,  good  energy  savings  were  obtained  for  an  expanded 
temperature  deadband,  but  the  battalion  headquarters  is  not  envelope-dominated,  so  the 
savings  are  not  as  great  as  for  the  barracks.  Care  still  needs  to  be  taken  with  regard  to 
the  comfort/cost  trade-offs.  Using  night  shutoff  provided  dramatic  positive  effects. 

Preliminary  Planning/ Early  Design  Considerations  for  Battalion  Headquarters 

LBL  did  further  work  that  took  the  battalion  headquarters  building  through  the  pre¬ 
liminary  guideline  development  stage.  From  the  discussion  above,  the  significant  para¬ 
meters  are  wall,  roof,  and  floor  insulation;  building  orientation  combined  with  window 
location,  size,  and  character;  thermal  mass;  lighting  levels  and  efficiency;  and  thermo¬ 
stat  settings.  Once  again,  Atlanta  was  taken  as  the  baseline  with  additional  runs  for  San 
Antonio  and  Colorado  Springs.  Other  sites  were  examined  until  a  clear  pattern  to  the 
results  was  evident. 

The  guidelines  discussed  below  are  only  preliminary.  They  do  indicate,  however, 
where  savings  can  occur.  For  instance,  depending  on  the  type  of  facility  and  its  location, 
a  building  may  be  designed  with  less  insulation  than  it  normally  would  if  it  can  be  shown 
that  additional  insulation  would  produce  no  further  savings  in  energy.  Further  study  is 
needed  to  ensure  integrated  solutions  suited  to  the  particular  climate  in  question  are 
found. 

Wall  and  Roof  Insulation.  In  examining  wall  and  roof  insulation,  the  levels  were 
varied  gradually  to  check  the  effect  on  energy  use.  Results  show  that  benefits  decreased 
gradually,  with  little  additional  savings  after  4  in.  Also,  insulation  is  most  effective 
when  levels  in  walls  and  the  roof  are  kept  the  same. 

Floor  Insulation.  Floor  insulation  was  studied  for  levels  of  2,  4,  and  6  in.  in 
Atlanta,  San  Antonio,  and  Colorado  Springs.  Results  were  similar  in  Atlanta  and  San 
Antonio  and  can  be  assumed  to  be  the  same  for  all  other  warm  climates.  Differences 
between  Atlanta  and  Colorado  Springs  results  required  additional  BLAST  runs  for  Wash¬ 
ington,  DC  to  refine  the  conclusions.  Generally,  as  floor  insulation  is  added,  fuel  use 
decreases,  while  electricity  use  increases.  In  San  Antonio,  the  fuel  load  is  small,  so  the 
negative  effects  in  the  form  of  higher  cooling  loads  dominate.  The  same  is  true  for 
Atlanta,  to  a  smaller  extent.  In  Colorado  Springs,  lower  levels  of  insulation  provide  a  net 
benefit  even  though  there  is  a  penalty  in  the  cooling  season.  In  Washington,  floor  insula¬ 
tion  does  provide  a  positive  heating  effect,  but  due  to  the  high  cost  of  electricity  in  that 
area,  no  floor  insulation  is  still  the  least  costly  option.  Thus,  in  most  climates  (particu¬ 
larly  warm  ones),  floor  insulation  should  not  be  used.  In  the  coldest  climates,  2  to  4  in. 
are  beneficial. 
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Building  Orientation  and  Window  Treatment.  Due  to  questions  about  BLAST’S 
treatment  of  wings  next  to  windows  in  the  Battalion  Headquarters  model,  no  conclusions 
could  be  drawn  as  to  the  combined  effects  of  orientation  and  window  treatment. 

Thermal  Mass.  BLAST  runs  were  performed  with  lightweight  partitions  and  light¬ 
weight  walls  to  note  the  effects  of  thermal  mass.  All  runs  kept  the  concrete  slab  floor. 
A  night  setback  was  examined  to  check  the  storage  effects  of  thermal  mass.  With  a 
standard  thermostat  setting,  fuel  and  electricity  used  dropped  with  increase  in  thermal 
mass.  With  night  setback,  changes  in  Atlanta  were  more  pronounced  in  electricity  con¬ 
sumption.  In  Colorado  Springs,  heating  benefits  were  much  greater,  probably  due  to 
large  heating  loads  and  the  sunny  location.  There  is  much  to  be  gained  by  adding  thermal 
mass,  so  caution  should  be  used  when  considering  any  change  that  would  reduce  thermal 
mass. 

Lighting  Levels.  Lighting  levels  from  1  W/sq  ft  to  3  W/sq  ft  were  examined  for 
each  location.  The  dominant  effect  is  a  change  in  lighting  electricity  use.  With  reduced 
lighting,  the  cooling  load  decreases  and  the  heating  load  increases,  but  these  effects  are 
secondary.  It  is  important  to  remember  that  lighting  quality  is  very  important  to  occu¬ 
pant  comfort  and  productivity,  so  reductions  should  be  made  with  care.  The  benefits  of 
using  daylight  should  also  be  considered. 

Thermostat  Settings.  The  thermostat  deadband  was  increased  and  decreased  from 
the  standard  71/76UF  setting  to  examine  the  effects.  The  wider  deadband  settings 
required  less  energy.  Ways  to  widen  the  deadband  without  upsetting  occupants  need  to 
be  examined.  One  method  would  be  to  make  great  efforts  to  maintain  consistent  space 
temperatures. 
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7  CONCLUSIONS  AND  RECOMMENDATIONS 


This  report  has  described  the  development  and  initial  implementation  of  new  and 
revised  energy  planning  criteria  and  guidance.  Planners  at  MACOMs,  installations,  and 
Corps  of  Engineers  district  offices  can  use  these  criteria  and  other  suggestions  given  in 
this  report  as  a  means  of  placing  more  emphasis  on  energy  conservation  in  the  early 
stages  of  planning  and  programming,  and  thereby  encourage  the  awareness  of  energy  con¬ 
servation  in  the  later  design  stages. 

Comments  were  solicited  from  the  field  regarding  energy  issues  in  the  project 
development  phase  of  the  MCA  process.  They  indicated  that  the  master  planning  and 
facility  programming  stages  have  areas  that  could  be  improved,  in  general,  by  making 
more  appropriate  use  of  the  data  provided  in  project  documents.  For  example,  better 
energy  cost  estimates  can  be  developed.  By  so  doing,  designers  will  be  influenced  to 
create  designs  that  match  user  energy  needs  more  closely.  Chapter  3  discusses  ways 
energy  issues  can  be  specifically  addressed  in  the  PDB-1,  PDB-2,  initial  DD  1391,  and 
final  DD  1391. 

A  method  was  developed  for  narrowing  the  range  of  conservation  options  to  be  con¬ 
sidered.  It  uses  matrices  which  identify  feasible  options  based  on  space  data  for  the 
specific  planned  facility  and  weather  data  for  the  specific  location.  In  its  consolidated 
form,  the  method  identifies  four  categories  of  options  for  a  given  space  type,  two  each 
for  the  primary  load  and  secondary  load.  Specific  strategies  can  then  be  identified 
within  these  categories  (Chapter  4  and  Appendices  A  through  E).  This  method  has  been 
implemented  in  a  prototype  expert  system.  The  energy  conservation  options  were  evalu¬ 
ated  in  the  field  in  a  T3B  program.  The  results  will  be  reported  in  full  in  another  techni¬ 
cal  report  (Chapter  5) 

To  help  planners  evaluate  the  savings  that  can  be  expected  from  energy  conserva¬ 
tion,  the  $/sq  ft  savings  were  calculated  for  each  space  type  at  each  Army  installation. 
These  figures  are  based  on  the  reduction  in  the  energy  budget  numbers  between  FY85  and 
FY95,  which  set  the  energy  consumption  criteria  that  new  buildings  must  meet.  These 
savings  figures  give  planners  an  idea  how  much  can  be  spent  on  implementing  the  conser¬ 
vation  strategies  without  jeopardizing  the  payback. 

To  develop  preliminary  planning  and  early  design  energy  guidelines  for  typical 
Army  buildings  and  verify  the  matrice  data,  energy  analyses  were  done  using  BLAST  to 
evaluate  the  overall  effect  of  parameters  such  as  orientation,  lighting  levels,  window 
treatment,  etc.  Two  standard-design  buildings— a  Battalion  Headquarters  and  a  "Y"  bar¬ 
racks— were  evaluated  at  several  locations  chosen  for  their  representative  climates.  The 
headquarters  building  was  evaluated  further,  at  a  more  detailed  stage  of  design.  Based 
on  these  results,  some  very  general  guidelines  are  presented  for  the  effective  use  of 
insulation,  thermal  mass,  lighting  levels,  and  thermostat  settings. 

To  refine  the  work  reported  here  and  to  put  it  to  best  use,  the  following  actions  are 
recommended. 

•  Incorporate  the  energy  matrix  (Chapter  3)  as  a  tool  for  both  planners  and  design¬ 
ers  of  new  facilities.  This  tool  can  be  presented  as  part  of  other  training:  it  is  already 
being  used  in  the  PROSPECT  courses,  "Energy  Conservation  Design  in  New  Buildings." 
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•  Incorporate  energy  considerations  into  the  instructions  for  completing  DD  Form 
1391  and  the  PDBs.  Recommendations  for  changes  to  AR  415-15  have  been  submitted  to 
proper  authorities. 

•  Compare  the  information  contained  in  the  energy  matrices  with  current  prac¬ 
tices. 


•  Implement  an  automated  energy  planning  tool  either  through  the  expert  system 
developed  in  this  project  or  through  similar  additions  to  the  1391  Processor. 

•  Accurately  determine  how  much  the  Army  would  save  by  using  energy  conserva¬ 
tion  options  in  its  new  facilities. 

•  Continue  the  research  on  the  energy  characteristics  of  major  Army  building 
types,  and  develop  planning  and  early  design  guidelines  specific  to  these  facilities.  This 
effort  could  be  incorporated  into  the  standard  design  documents  for  these  facilities  or 
into  general  design  instructions  such  as  the  AEI. 

•  Focus  future  energy  planning  research  work  directly  on  the  installation  master 
planners. 
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APPENDIX  A: 


ENERGY  CONSCIOUS  DESIGN  STRATEGIES* 


1.  Air  Barrier  Curtains— Air  barrier  curtains  are  strong,  artificially  created  currents  of 
air  that  provide  protection  from  rushes  of  outdoor  air  when  entries  are  frequently  open. 

2.  Air  Destratification— Air  destratification  prevents  air  layers  from  forming  large  in¬ 
door  spaces  and  thus  provides  greater  circulation  of  heated  air.  The  most  common  form 
of  air  destratification  is  ceiling  mounted  fans  that  recirculate  the  heat  downward  in 
buildings  where  ceiling  heights  exceed  12  ft.  Depending  on  fan  diameter  and  ceiling 
height,  each  fan  can  handle  between  1000  and  3000  sq  ft  of  floor  area. 

3.  Airlock  Entries— A  double  set  of  exterior  doors  create  airlock  entries.  This  strategy 
reduces  loss  of  conditioned  interior  air  and  reduces  infiltration  when  exterior  doors  are 
used. 

4.  Air^to-Air  Heat  Exchangers— These  exchangers  transfer  heat  directly  from  one  air- 
stream  to  another  through  direct  contact  on  either  side  of  a  metal  heat  transfer  surface 
(e.g.,  an  institutional  kitchen  where  heat  from  steam  kettles  is  collected  by  a  hood  and 
then  is  processed  through  the  air-to-air  exchanger  to  heat  the  incoming  makeup  air). 

5.  Building  Shape  and  Orientation— Building  shape,  when  elongated  on  the  east-west  axis, 
minimizes  heating  loads  in  the  winter  and  cooling  loads  in  summer.  For  adequate  day¬ 
lighting  of  interior  spaces,  the  space  depth  (i.e.,  the  length  between  the  window  wall  and 
the  opposite  wall)  should  be  less  than  2.5  times  the  window  height. 

6.  Daylighting— Daylighting  is  the  use  of  sunlight  instead  of  artificial  sources  to  illumin¬ 
ate  interior  spaces.  Configuration  of  the  spaces  within  a  building  should  allow  the  major¬ 
ity  to  be  within  an  optimum  depth  of  25  ft  from  the  windows.  In  conjunction  with  other 
strategies  (e.g.,  skylights,  lightscoops,  lightwells,  and  atriums),  windows  can  illuminate 
greater  space  depths. 

7.  Daylight  Responsive  Lighting  Controls— Daylight  responsive  lighting  controls  should 
be  used  in  conjunction  with  a  daylighting  strategy.  These  controls  sense  when  natural 
light  is  supplying  enough  illumination  and  shut  off  unnecessary  artificial  sources. 

8.  Decreased  Supply  and  Make-Up  Air— Decreasing  the  amount  of  supply  and  make-up  air 
reduces  energy  loss  by  lowering  total  circulating  energy  in  an  air  system.  It  reduces  fan 
horsepower  energy  as  well.  Care  should  be  taken  not  to  decrease  the  air  comfort  level. 

9.  Direct  Evaporative  Cooling— A  direct  evaporative  cooling  system  cools  outside  air 
through  water  spray,  and  supplies  the  cooled  air  to  interior  spaces.  As  outside  air  enters 
the  water  system,  it  is  cooled  to  the  required  humidity  level  while  keeping  the  same 
enthalpy  level,  and  then  is  adjusted  for  the  required  temperature  level.  Since  this  system 
is  simpler  than  indirect  evaporative  cooling  systems  or  refrigeration  air-conditioning  sys¬ 
tems,  its  first  and  utility  costs  are  comparatively  lower. 


♦Listed  alphabetically. 
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10.  Direct  Gain  Glazing  (Direct  Solar  Gain)-- Direct  gain  glazing  systems  use  sunlight 
penetrating  through  solar  glass  areas  to  heat  the  actual  living  space.  To  collect  solar 
energy  and  store  it  for  night  use,  large  south-facing  glazing  and  sufficient  thermal  mass 
are  needed.  The  floor  and/or  walls  must  be  constructed  of  materials  capable  of  storing 
heat.  The  most  common  materials  used  for  heat  storage  are  masonry  and  water.  Direct 
gain  systems  work  well  in  sunny  climates,  as  well  as  in  cloudy  climates  where  active 
solar  systems  cannot  perform  as  effectively.  South  glazing  should  be  10  to  40  percent  of 
the  floor  area,  and  typically  1/2  to  2/3  of  the  total  surface  area  in  a  space  is  constructed 
of  thick  masonry. 

11.  Double  Glazing— Window  assemblies  which  use  two  panes  of  glass  in  each  frame  are 
double  glazed.  The  air  space  between  the  glass  increases  the  insulating  value  of  the  win¬ 
dow  assembly. 

12.  Dry-Bulb  Temperature  Economy  Cooling--In  an  economizer  cooling  system,  the  tem¬ 
perature  of  the  outdoor  air  is  monitored  to  determine  whether  or  not  it  is  cool  enough  to 
provide  free  cooling  to  the  system.  If  the  outdoor  air  is  cool  enough,  the  dampers  in  the 
system  bring  in  cool  outside  air,  reducing  or  eliminating  the  need  for  mechanical  cooling. 

13.  Duty  Cycling— Duty  cycling  is  a  control  strategy  under  which  mechanical  equipment 
is  cycled  on  a  preprogrammed  basis  during  periods  of  heavy  electrical  demand  within  a 
building.  The  equipment  cycling  serves  to  reduce  the  peak  demand  of  the  building. 

14.  Earth  Berming—  Earth  berming  uses  the  natural  insulating  value  of  the  soil.  Earth  is 
sloped  up  to  cover  all  or  part  of  the  exterior  walls  of  a  building.  Berming  earth  against 
the  north  wall  in  cold  regions  reduces  heat  loss  and  protects  the  building  from  the  pre¬ 
vailing  winter  winds.  Care  must  be  taken  in  humid  climates  to  prevent  excessive  humid¬ 
ity  and  mildew  from  occurring  within  the  building,  particularly  in  summer  months. 

15.  Efficient  Artificial  Lights  Compatible  with  Daylight— Efficient  artificial  light 
sources  can  be  used  in  conjunction  with  daylighting  principles  to  reduce  lighting  loads. 

16.  Efficient  Fixtures  and  Lamps— The  most  efficient  fixtures  and  lamps  should  be  used 
in  order  to  reduce  lighting  loads.  Illumination  level,  fixture  placement,  and  coloration 
should  not  be  sacrificed. 

17.  Electronic  Filter— Electronic  filters  remove  odors  and  pollutants  in  supply  air.  They 
allow  greater  reuse  of  return  air  and  minimize  the  amount  of  outdoor  air.  In  a  system 
that  uses  large  quantities  of  outdoor  air,  first  and  operating  costs  can  be  saved  by  reusing 
return  air,  which  reduces  the  use  of  outdoor  air. 

18.  Energy  Monitoring  and  Control  System  (EMCS)— EMCS  is  an  automated  system  for 
controlling  the  energy  consumption  functions  of  a  building  and  minimizing  the  energy 
usage  through  optimization.  It  includes  thermostats,  time  switches,  programmable  con¬ 
trollers,  microprocessor  systems,  computers,  and  sensing  devices  that  are  linked  with 
control  and  power  components  to  manage  energy  use.  This  system  optimizes  load  control 
to  achieve  the  lowest  possible  cost  of  operation  consistent  with  proper  and  effective 
functioning.  It  can  supervise  the  operation  of  lighting  systems,  HVAC,  and  other  equip¬ 
ment  and  provide  this  automatic  control  relative  to  demand  and  energy  consumption. 

19.  Exterior  Venting  of  Heat-Producing  Equipment— Heat  from  interior  equipment  is  one 
of  the  major  internal  heat  gain  factors.  Exhausting  the  heat  from  the  equipment  to  the 
outside  may  greatly  reduce  internal  heat  gain  and  cooling  loads,  particularly  in  hot 
regions. 
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20.  Fixed  Exterior  Shading—  Fixed  exterior  shadings  are  used  for  sunlight  control  to  pre¬ 
vent  overheating  in  summer.  Methods  include  attached  sun  screens  and  overhang  de¬ 
vices.  The  most  effective  method  for  shading  south-facing  glazing  is  using  an  overhang 
of  length  ranging  between  one-fourth  (at  36  degrees  north  latitude)  and  one-half  (at  48 
degrees  north  latitude)  of  the  opening  height.  Because  of  the  time  lag  between  the  sun's 
movement  and  seasonal  placement  of  shades,  a  fixed  shading  device  does  not  always  cor¬ 
respond  to  the  sun's  angle.  Therefore,  it  is  important  to  calculate  the  shade  depth  that 
works  best  throughout  the  year. 

21.  Flow  Restrictions  and  Water  Conserving  Fixtures— Flow  and  pressure  conditions  in 
the  piping  should  be  optimum  for  maximum  efficiency  in  water  systems.  Reducing  water 
flow  and  consumption  by  using  flow  restrictions  and  water  conserving  fixtures  may  save 
utility  energy  by  reducing  water  waste,  particularly  in  buildings  such  as  hospitals  and 
cafeterias,  where  large  amounts  of  water  are  consumed.  Pump  type,  size,  flow,  head 
capacity,  and  fixtures,  and  power  consumption  under  operating  conditions  should  all  be 
evaluated  to  attain  optimum  efficiency. 

22.  Grouping  Heat  Producing  Equipment— By  grouping  the  equipment  which  produces 
large  amounts  of  heat,  it  is  possible  to  have  greater  control  over  the  heat  produced.  This 
heat  can  either  be  recycled  for  use  in  the  building  or  exhausted  to  the  outside. 

23.  Heat  Absorbing  Glazing— Heat  absorbing  glazing  is  capable  of  absorbing  selected 
wavelengths  of  light.  Because  heat  is  absorbed  into  the  glass  rather  than  being  reflected, 
the  glass  itself  will  become  warm.  In  more  northerly  climates,  this  may  be  a  desirable 
way  of  limiting  illumination  levels  while  retaining  some  of  the  heating  qualities  of  sun¬ 
light. 

24.  Heat  Pump  Water  Heater— Using  a  heat  pump  as  a  heating  source  for  domestic  hot 
water  takes  advantage  of  its  high-efficiency  performance.  Since  the  heat  pump  provides 
both  heating  and  cooling  capability,  it  can  be  used  for  air-conditioning  or  refrigeration 
while  heating  water.  Usually,  heat  pump  systems  are  only  used  in  small  applications  of 
heating  and  cooling.  The  energy  efficiency  ratio  (i.e.,  the  ratio  of  net  heating/cooling 
output  to  total  energy  input)  is  considered  to  be  higher  than  other  systems. 

25.  Heat  Recovery— Energy  can  be  recycled  through  heat  recovery.  Heat  recovery  sys¬ 
tems  are  especially  effective  for  buildings  in  colder  regions  that  have  higher  heating 
needs.  The  major  components  of  the  system  are  the  heat  exchanger  and  a  heat  storage 
medium. 

26.  Heat  Recovery  Chiller— In  refrigeration  systems,  heat  can  be  recovered  from  the 
condenser  circuit  and  used  to  preheat  outside  air.  Recovered  heat  may  also  be  used  for 
building  space  heating  systems  which  use  hydronic  piping.  This  system  should  be  consi¬ 
dered  particularly  where  coincident  cooling  and  heating  loads  occur. 

27.  Humidification  of  Supply  Air-  Humidification  of  supply  air  increases  the  energy  level 
(enthalpy)  and  sensible  temperature.  In  cold  climates,  comfortable  conditions  can  be 
achieved  at  lower  air  temperature  if  the  supply  air  is  humidified. 

28.  Increased  Ceiling  Height— An  increased  ceiling  height  can  help  reduce  cooling  loads 
by  allowing  warm  air  to  rise  above  the  occupied  level. 

29.  Increased  Surface  Reflectance — Cooling  loads  may  be  reduced  by  increasing  the 
amount  of  solar  radiation  reflected  from  a  building's  surface.  Reflective,  light-colored 
materials  should  be  used.  (Note:  Although  color  is  a  good  indication  of  the  ability  to 
reflect  solar  radiation,  it  is  a  poor  indicator  of  the  ability  to  reflect  thermal  radiation.) 
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30.  Indirect  Evaporative  Cooling— Indirect  evaporative  cooling  systems  use  heat  recov¬ 
ery  units  along  with  water  spray  units.  The  heat  recovery  units  lower  outside  air  tem¬ 
perature  prior  to  introduction  into  the  systems.  The  appropriate  air  condition  level  is 
achieved  through  a  series  of  cooling,  dehumidifying,  heating  and/or  humidifying.  These 
systems  are  regarded  to  increase  considerably  in  comfort  capacity  as  well  as  in  effi¬ 
ciency  level.  However,  they  are  complicated  and  their  costs  are  high  compared  to  direct 
systems. 

31.  Indirect  Gain  Glazing  (Indirect  Solar  Gain)— Indirect  gain  systems  convert  sunlight  to 
heat  at  an  intermediate  location  (thermal  storage)  and  then  release  the  heat  to  the  space 
by  means  of  natural  radiation  and  convection  processes.  The  requirements  for  a  thermal 
storage  wall  system  are  south-facing  glass  areas  for  maximum  winter  solar  gain  and  a 
thermal  mass,  located  4  in.  or  more  directly  behind  the  glass,  which  serves  for  heat  stor¬ 
age  and  distribution.  The  most  appropriate  materials  for  thermal  storage  are  masonry 
and  water. 

32.  Infiltration  Control— Infiltration  is  air  seepage  that  naturally  occurs  in  and  around 
assemblies  of  building  components.  Infiltration  control  through  use  of  barriers,  caulking, 
insulation,  etc.,  can  reduce  heating  and  cooling  loads. 

33.  Insulate  Ducts  and  Pipes— Insulating  ducts  and  pipes  saves  energy  directly.  The  pri¬ 
mary  reason  for  using  insulation  is  to  prevent  heat  loss  or  gain  and  to  insure  that  the 
distribution  systems  carry  the  fluid  at  an  appropriate  temperature.  The  heat  loss/gain 
for  a  given  application  must  be  weighed  against  the  cost  and  energy  savings  of  increased 
insulation  value. 

34.  Landscaping— Effective  use  of  trees  and  shrubs  can  provide  protection  from  poten¬ 
tially  harmful  site  characteristics,  such  as  excessive  sun  and  wind. 

35.  Latent  Heat  Exchange  Pipe  System— Heat  exchange  pipes  are  finned  tubes  (for 
greater  surface  area)  extending  between  adjacent  air  ducts.  The  tubes  run  continuously 
from  one  duct  to  the  other,  and  they  are  on  the  same  horizontal  plane.  Each  tube  con¬ 
tains  liquid  refrigerant  which  evaporates  at  the  warm  end  of  the  tube,  absorbing  heat 
from  the  warm  airstream.  The  evaporated  refrigerant  then  migrates  as  a  gas  to  the  cold 
end  of  the  tube,  where  it  condenses  and  releases  heat  into  the  cold  air  stream.  The  con¬ 
densed  liquid  then  runs  back  to  the  hot  end  of  the  tube  to  complete  the  cycle. 

36.  Minimize  Glass  Area-  More  energy  losses  occur  through  glass  than  through  other 
building  materials.  Windows  and  other  glass  areas  should  be  minimized  to  reduce  losses; 
however,  the  use  of  glass  for  light  and  visual  comfort  should  not  be  disregarded. 

37.  Minimize  Light  Fixtures— Reducing  the  number  of  light  fixtures  to  a  minimum 
required  level  helps  prevent  overillumination  of  spaces,  saving  lighting  energy.  For  cer¬ 
tain  spaces  which  require  a  specific  level  of  illumination,  appropriate  daylighting  or  task- 
specific  lighting  should  be  available. 

38.  Minimize  Resistance  in  Ducts  and  Pipes— Simplified  ductwork  and  piping  design  helps 
reduce  the  resistance  in  a  distribution  system.  Minimum  use  of  bends  and  joints  also 
lowers  the  required  inner  pressure  by  minimizing  the  resistance.  Lower-pressure  ducts  or 
pipes  with  less  resistance  may  reduce  the  fan  or  pump  load. 

39.  Monitor  Oxygen  in  Boiler  Combustion  Air— In  combustion  equipment,  short  oxygen 
supply  results  in  complete  combustion,  producing  approximately  one-third  the  energy 
supplied  by  complete  combustion.  To  avoid  this  pitfall,  it  is  important  to  monitor  the 
oxygen  level  of  a  boiler's  combustion  air  supply. 
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40.  Motion  Sensitive  Lighting  Controls— Lighting  costs  can  be  reduced  by  turning  off  the 
lights  when  the  space  is  not  in  use.  The  adjustments  should  be  automatic  since  people 
are  usually  unreliable  for  this  task.  Infrared  motion  (people)  detectors  can  turn  off  lights 
when  people  have  left. 

41.  Movable  Insulation— Movable  insulation  includes  various  types  of  operable  insulation 
devices  placed  over  windows  or  skylights.  The  purpose  of  movable  insulation  is  to  reduce 
heat  losses  at  night.  Approximately  two-thirds  of  this  heat  loss  can  be  prevented  by 
using  movable  insulation.  When  using  single  glazing  in  cold  climates,  movable  insulation 
should  always  be  used.  To  be  effective,  the  insulation  must  make  a  well-sealed  cover  for 
the  glazed  opening. 

42.  Natural  Ventilation— Natural  ventilation  involves  proper  placement  of  building  open¬ 
ings  to  effectively  use  natural  breezes  of  the  location  to  reduce  cooling  loads. 

43.  Optimize  Insulation  Levels— Insulation  placed  in  the  roof,  walls  and  floors  should 
provide  optimum  R-value  levels.  In  the  United  States,  the  optimum  R-value  for  roofs 
ranges  between  19  and  38,  for  walls  between  11  and  19,  and  for  floors  between  11  and  22, 
depending  on  climatic  region. 

44.  Optimum  Water  Pipe  and  Tank  Insulation— To  reduce  the  loss  of  utility  energy,  the 
hot  water  circulation  and  storage  systems  should  be  properly  insulated.  The  optimum 
level  of  insulation  should  be  determined  by  considerations  of  the  system,  building,  and 
climate  conditions. 

45.  Point-of-Use  Water  Heaters— Installing  water  heaters  at  the  point  of  use— at  remote 
locations  or  at  ones  which  need  larger  amounts  of  hot  water— saves  both  the  heat  usually 
lost  during  circulation  and  the  cost  of  installing  pipes. 

46.  Preheat  Boiler  Inlet  Water  with  Flue  Gas— Inlet  water  to  a  steam  boiler  must  be 
raised  from  approximately  70  degrees  to  the  system  operating  temperature.  This  tem¬ 
perature  difference,  and  the  fuel  required  to  heat  the  water,  can  be  reduced  by  reclaim¬ 
ing  boiler  heat  otherwise  wasted  through  the  flue  to  heat  the  water. 

47.  Reduced  Water  Supply  Temperature— High  temperature  domestic  hot  water  requires 
more  heat  energy  input,  and  loses  more  heat  during  circulation.  Maintaining  a  lower 
temperature  can  reduce  both  initial  energy  input  and  circulation  loss.  Separate  water 
heaters  should  be  available  where  higher  temperature  water  is  needed. 

48.  Re-use  of  Exhaust  Air— The  exhaust  air  from  combustion  equipments  usually  contains 
unused  fuel.  Reusing  exhaust  air  increases  fuel  use  efficiency  and  helps  preheat  combus¬ 
tion  air. 

49.  Runaround  Coil  Distribution  System— This  system  is  comprised  of  two  or  more 
extended  surface  fin  coils  installed  in  air  ducts  and  interconnected  by  piping.  The  coil- 
type  exchanger  has  the  advantage  of  permitting  heat  transfer  between  supply  and 
exhaust  systems  in  widely  separated  portions  of  a  building,  since  coils  are  installed  in 
each  of  the  intake  and  exhaust  ducts,  and  are  connected  only  by  piping. 

50.  Seasonal  Window  Shading— Seasonal  window  shadings  use  adjustable  devices  such  as 
operable  overhangs,  trellised  overhangs,  or  interior  shades  for  shading  south-facing 
glazing.  They  can  be  regulated  to  respond  to  the  seasons  or  climate.  However,  they  are 
sometimes  difficult  to  design  and  maintain,  and  require  the  correct  seasonal  adjustments 
to  be  effective. 
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51.  Skylights— Most  skylights  lie  flat  in  the  roof  plane  and  thus  accept  both  direct  and 
diffused  sunlight.  A  skylight  can  be  effective  in  reducing  the  lighting  loads  of  buildings 
with  high  daytime  usage.  However,  they  raise  the  issue  of  heat  loss,  and  various  controls 
by  orientation  or  insulation  may  be  needed.  Types  of  skylights  include  dome  or  peak, 
sawtooth,  clerestory,  and  monitors. 

52.  Spot  Cooling  and  Heating— Spot  cooling  and  heating  systems  are  used  for  people 
located  far  apart.  Each  requires  its  own  air  direction  and  velocity  control. 

53.  Task-Specific  Illumination  Level  and  Equipment— Task-specific  illumination  systems 
control  the  lighting  level  in  each  work  station.  The  lighting  level  depends  on  considera¬ 
tions  such  as  ceiling  height,  wall  color,  number  of  people  in  the  area,  type  of  work  being 
done,  and  number  of  windows.  Task  lighting  works  particularly  well  with  an  open  floor 
plan. 

54.  Task-Specific  Temperature,  Humidity  Level— A  task-specific  temperature  and 
humidity  level  system  provides  an  appropriate  air-conditioning  level  to  each  work  sta¬ 
tion.  It  reduces  unnecessary  use  of  energy  as  well  as  ensures  proper  air  temperature  and 
humidity  levels  for  specific  tasks. 

55.  Thermal  Breaks— Insulation  materials  increase  thermal  resistance  through  the  build¬ 
ing  envelope,  but  some  structural  materials  made  of  metal  provide  conductive  energy 
loss  by  thermal  transmission.  The  thermal  breaks  stop  the  transmission  by  providing  a 
complete  thermal  separation  between  the  inner  and  outer  parts  of  the  metal. 

56.  Timers  for  Lights— Timers  placed  on  light  fixtures  can  reduce  lighting  loads  by 
minimizing  the  time  lights  stay  on  when  they  are  not  needed. 

57.  Vapor  Barrier— A  vapor  barrier  consists  of  layers  of  moisture  resisting  materials 
wrapped  around  ducts  or  pipes,  which  provide  the  necessary  degree  of  vapor  sealing  to 
avoid  entry  of  moisture  from  the  surrounding  air.  It  protects  ducts  or  pipes  from  vapor 
condensation,  which  reduces  the  insulating  value  of  the  material.  The  materials  used  as 
vapor  barriers  should  have  high  moisture  resistance.  Acceptable  materials  include  sheets 
of  aluminum,  reinforced  plastic,  metal  foils,  treated  papers,  and  metal  jacketing. 

58.  Variable  Air  Volume  System— A  VAV  system  regulates  the  amount  of  air  to  a  given 
area  to  match  the  load,  while  keeping  the  air  pressure  minimized  and  constant.  This  sys¬ 
tem  reduces  the  cooling  energy  load  and  the  fan  horsepower  load,  as  well  as  air  leakage 
due  to  low  duct  pressure. 

59.  Variable  Water  Flow  Rates— Maintaining  uniform  water  pressure  throughout  a  build¬ 
ing  requires  a  high  pump  load  and  also  causes  overuse  of  water.  Providing  appropriate 
water  flow  rates  for  water  equipment  reduces  pump  motor  loads  and  saves  heated  water. 

60.  Vented  Roof  or  Plenum— Providing  natural  ventilation  to  roofs  and  plenums  can 
reduce  cooling  and  fan  loads  by  allowing  warm  air  to  escape  the  building. 

61.  Zoned  Air  Handling— In  large  open  areas,  it  may  be  advantageous  to  provide  an  indi¬ 
vidual  air  handling  system  for  each  zone.  This  would  eliminate  excessive  ductwork  that 
would  be  required  of  a  single  system.  In  addition,  if  certain  areas  were  not  being  used, 
the  individual  units  in  those  areas  could  be  scheduled  off,  thus  conserving  energy.  Single 
zone  units  also  can  be  arranged  to  provide  spot  cooling  or  heating  where  zone  loads  are 
significant. 
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62.  Zoned  Lighting  System— Zoned  lighting  systems  control  lights  in  small  zones.  They 
can  reduce  lighting  loads  by  maintaining  appropriate  levels  of  illumination  for  each  zone 
and  turning  off  the  unused  lights. 
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MATRICES  2  AND  3:  ENERGY  CONSERVATION  STRATEGY  PERFORMANCE  ATTRIBU 
C PRODUCED  BY  TENNESSEE  VALLEY  AUTHORITY  UNDER  CONTRACT  TO  U5A-CERL3 
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!  LATENT  TASK 

i  KEAT  SPECIFIC  ZWED  SPOT  MINIMIZE  URR I  ABLE 

!  EXCHANGE  TEMP.  &  AIR  COOLING  RES.  IN  INSULATE  WATER  DIRECT 

CRITERION  ;  PIPE  HUMIDITY  HANDLNG.  AND  DUCT  It  DUCTS  &  FLOW  EUAPORT 

!  SYSTEM  LEUEL  SYSTEM  HEATING  PIPE  PIPES  RATES  COOLING 


!  GROUP  !  RIR  TO 

i  UENTED  HEAT-  i  URV  DECR5D  AIR 

CRITERION  i  ROOF  OR  PRODUCNG  AIRLOCK  !  DUTY  A IRS IDE  SUPPL  &  HEAT 

!  PLENUM  EQUIP.  ENTRIES  !  CYCLING  SYSTEM  M.U.  AIR  EXCHNGI 
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OPTIMUM  FLOW 

!  MOTION  HEAT  POINT  W.  PIPE  REDUCED  RESTRCTN 

!  SENSTVE  PUMP  OF  USE  Be  TANK  WATER  b  WATER 

CRITERION  !  LIGHT I NS  WATER  HEAT  WATER  INSULTN  SUPPLY  CONSRVNG 

!  CONTROL  l-EATER  RECOVERY  HEATERS  LEVEL  EMCS  TEMP.  FIXTURES 
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Table  B1 


Energy  Conservation  Option  Variables 


Space  Types 

1.  Classroom 

5.  Lounge 

9. 

Garage 

2.  Laboratory 

6.  Cafeteria 

10. 

Computer  Room 

3.  Office 

7.  Library 

11. 

Flight  Simulator 

4.  Circulation 

8.  Warehouse 

12. 

Barrack 

Space  Dependent  Criteria 

1.  Daytime  use 

6.  Heating  need 

11. 

Hot  water  need 

2.  Nighttime  use 

7.  Cooling  need 

12. 

Process  need 

3.  Diversity 

8.  Lighting  need 

13. 

Design  air  rate 

4.  Occupancy  level 

9.  Equipment  need 

5.  Opacity  of  envelope 

10.  Fan  need 

Weather  Criteria 

1.  Heating  degree  days 

6.  Winter  wind  bearing 

11. 

Summer  mean  diurnal  range 

2.  Winter  diurnal  range 

7.  Cooling  degree  days 

12. 

Summer  average  solar 

3.  Winter  average  solar 

8.  Summer  average  daytime  temp. 

13. 

Summer  average  daylight 

4.  Winter  average  daylight 

9.  Summer  average  enthalpy 

14. 

Summer  average  wind  speed 

5.  Winter  average  wind  speed 

10.  Summer  maximum  daytime  temp. 

15. 

Summer  wind  bearing 
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APPENDIX  C 


CATEGORIZATION  OF  ENERGY  CONSERVATION  OPTIONS 


General  Options  Categories* 

1.  Site  Strategies 

2.  Building  Shell  Strategies  for  Heating 

3.  Air  Circulation  Strategies 

4.  HVAC  Heating  Equipment  Strategies 

5.  HVAC  Heating  System  Strategies 

6.  Building  Shell  Strategies  for  Cooling 

7.  Circulation  Space  Strategies 

8.  HVAC  Cooling  Equipment  Strategies 

9.  HVAC  Cooling  System  Strategies 

10.  Ventilation  Strategies 

11.  Building  Shell  Strategies  for  Lighting 

12.  Lighting  Equipment  Strategies 

13.  Lighting  Control  Strategies 

14.  Whole  Building  Strategies 


Heating,  Cooling,  Ventilation,  Lighting,  or  Whole  Building  Categories 
Heating  Strategies 

1.  Site  Strategies 

a)  Building  Shape  and  Orientation** 

b)  Earth  Berming 

c)  Landscaping 

2.  Building  Shell  Strategies 

a)  Direct  Gain  Glazing 

b)  Double  Glazing 

c)  Indirect  Gain  Glazing 

d)  Infiltration  Control 

e)  Minimize  Glass  Area 

f)  Movable  Insulation 

g)  Optimize  Insulation  Levels 

h)  Thermal  Breaks 

3.  Air  Circulation  Strategies 

a)  Air  Barrier  Curtains 

b)  Airlock  Entries 


♦Use  with  tables  in  Appendix  D. 

♦♦Descriptions  of  strategies  are  listed  alphabetically  in  Appendix  A. 


4. 


HVAC  Heating  Equipment  Strategies 


a)  Air-to-Air  Heat  Exchangers 

b)  Insulate  Ducts  and  Pipes 

c)  Latent  Heat  Exchange  Pipe  System 

d)  Minimize  Resistance  in  Ducts  and  Pipes 

e)  Monitor  Oxygen  in  Boiler  Combustion  Air 

f)  Preheat  Boiler  Inlet  Water  with  Flue  Gas 

5.  HVAC  Heating  System  Strategies 

a)  Air  Destratification 

b)  Decreased  Supply  and  Make-up  Air 

c)  Duty  Cycling 

d)  Electronic  Filters 

e)  Energy  Monitoring  Control  System 

f)  Heat  Recovery 

g)  Humidification  of  Supply  Air 

h)  Re-use  of  Exhaust  Air 

i)  Runaround  Coil  Distribution  System 

j)  Spot  [Cooling  and  ]  Heating 

k)  Task-Specific  Temperature  and  Humidity  Level 

l)  Variable  Air  Volume  Systems 

m)  Zoned  Air  Handling 

Cooling  Strategies 

6.  Building  Shell  Strategies  for  Cooling 

a)  Fixed  Exterior  Shading 

b)  Heat  Absorbing  Glazing 

c)  Increased  Ceiling  Height 

d)  Increased  Surface  Reflectance 

e)  Infiltration  Control 

f)  Minimize  Glass  Area 

g)  Seasonal  Window  Shading 

h)  Thermal  Breaks 

7.  Circulation  Space  Strategies 

a)  Air  Barrier  Curtains 

b)  Airlock  Entries 

8.  HVAC  Cooling  Equipment  Strategies 

a)  Exterior  Venting  of  Heat  Producing  Equipment 

b)  Grouping  Heat  Producing  Equipment 

c)  Minimize  Resistance  in  Ducts  and  Pipes 

9.  HVAC  Cooling  System  Strategies 

a)  Air  Destratification 

b)  Decreased  Supply  and  Makeup  Air 

c)  Direct  Evaporative  Cooling 
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d)  Dry  Bulb  Temperature  Economy  Cooling 

e)  Electronic  Filters 

f)  Energy  Monitoring  and  Control  System 

g)  Heat  Recovery  Chiller 

h)  Indirect  Evaporative  Cooling 

i)  Runaround  Coil  Distribution  System 

j)  Spot  Cooling  [and  Heating] 

k)  Variable  Water  Flow  Rates 

l)  Variable  Air  Volume  System 

m)  Task-Specific  Temperature  and  Humidity  Levels 

n)  Zoned  Air  Handling 

Ventilation  Strategies 

10.  Ventilation  Strategies 

a)  Natural  Ventilation 

b)  Vented  Roof  or  Plenum 

Lighting  Strategies 

11.  Building  Shell  Strategies  for  Lighting 

a)  Day'ighting 

b)  Direct  Gain  Glazing 

c)  Indirect  Gain  Glazing 

d)  Skylights 

12.  Lighting  Equipment  Strategies 

a)  Efficient  Artificial  Lights  Compatible  with  Daylight 

b)  Efficient  Fixtures  and  Lamps 

c)  Minimize  Light  Fixtures 

d)  Task-Specific  Illumination  Level  and  Equipment 

e)  Zoned  Lighting  System 

13.  Lighting  Controls  Strategies 

a)  Daylight  Responsive  Lighting  Controls 

b)  Duty  Cycling 

c)  Motion  Sensitive  Lighting  Controls 

d)  Timers  for  Lights 


i 
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.  m... 


Whole  Building  Strategies 
14.  Whole  Building  Strategies 

a)  Flow  Restrictions  and  Water  Conserving  Fixtures 

b)  Heat  Pump  Water  Heater 

c)  HVAC  Equipment  Strategies 

d)  HVAC  System  Strategies 

e)  Optimize  Insulation  Levels 

f)  Optimum  Water  Pipe  and  Tank  Insulation 

g)  Point-of-Use  Water  Heaters 

h)  Reduced  Water  Supply  Temperature 

i)  Vapor  Barrier 


Table  D1 


Energy  Loads  Matrix  by  Region  and  Space  Type 


REGION 

SPACE  TYPE 

1 

2 

3 

4 

5 

6 

7 

CLASSROOM 

H-L 

H-L 

H-L 

L-H 

L-C 

■a 

B9 

LABORATORY 

H-L 

H-L 

H-L 

L-H 

L-C 

■29 

129 

OFFICE 

H-L 

H-L 

H-L 

L-H 

L-C 

139 

129 

CIRCULATION 

H-L 

H-L 

H-C 

C-H 

C-L 

C-L 

C-L 

LOUNGE 

H-L 

H-L 

H-C 

C-H 

C-L 

C-L 

C-L 

CAFETARIA 

H-L 

H-L 

C-L 

C-L 

C-L 

C-L 

C-L 

LIBRARY 

H-L 

H-L 

H-L 

K29 

C-L 

C-L 

WAREHOUSE 

H-L 

H-L 

H-L 

H-L 

Q| 

ESI 

GARAGE 

H-L 

H-L 

H-L 

H-L 

isa 

■SI 

COMPUTER  ROOM 

C-L 

C-L 

C-L 

C-L 

K59 

■29 

■29 

FLIGHT 

SIMULATOR 

a 

n 

B 

a 

D 

H 

B 

BARRACK 

H-L 

H-L 

H-C 

H-C 

C-H 

C-L 

C-L 

MEDICAL 

FACILITY 

H-L 

H-L 

H-L 

H-C 

C-H 

C-L 

C-L 

H  =  HEATING  LOAD  C  =  COOLING  LOAD 

L  =  LIGHTING  LOAD  V  =  VENTILATION  LOAD 


Note:  See  Appendix  E  for  listing  of  Army  installations  and  their  corresponding  Army 
climatic  regions. 


Table  D2 


Strategy  Category  Matrix  by  Region  and  Space  Type 


REGION 

SPACE  TYPE 

1 

2 

3 

4 

5 

6 

7 

CLASSROOM  P 

2,14 

2,14 

2,14 

11,12 

11,12 

6,14 

11,12 

S 

11,12 

11,12 

11,12 

2,14 

6,14 

11,12 

6,14 

LABORATORY  P 

WEB 

m 

4,  5 

rag 

12,13 

8,  9 

12,13 

S 

MUM 

12,13 

m 

8,  9 

12,13 

8,  9 

OFFICE  P 

2,  5 

2,  5 

2,  5 

11,12 

11,12 

6,  9 

11,12 

S 

11,12 

11,12 

11,12 

2,  5 

6,  9 

11,12 

6,  9 

CIRCULATION  P 

3 

m 

3 

7 

m 

m 

mm 

S 

12 

7 

3 

flU 

mm 

Bra 

LOUNGE  P 

BRH 

WEB 

4,  5 

8,  9 

8,  9 

8,  9 

8,  9 

S 

mil 

8,  9 

4,  5 

12,13 

12,13 

12,13 

CAFETARIA  P 

4,  5 

BD 

8,  9 

8,  9 

8,  9 

8,  9 

8,  9 

S 

11,12 

Dm 

11,12 

11,12 

11,12 

11,12 

11,12 

LIBRARY  P 

2,  5 

2,  5 

2,  5 

11,12 

11,12 

6,  9 

6,  9 

S 

11,12 

11,12 

11,12 

6,  9 

6,  9 

11,12 

11,12 

WAREHOUSE  P 

1,14 

1,14 

1,14 

1  ,M 

I 

rag 

rag 

S 

12,13 

12,13 

12,13 

12,13 

tarn 

Kui 

ttflfl 

GARAGE  P 

1,14 

1,14 

fffH 

1,14 

12,13 

12,13 

12,13 

S 

12,13 

12,13 

BSa 

12,13 

10 

. 

10 

1  0 

COMPUTER  P 

8,  9 

8,  9 

8,  9 

8,  9 

8,  9 

8,  9 

8,  9 

ROOM  S 

12,13 

12,13 

12,13 

12,13 

12,13 

12,13 

12,13 

FLIGHT  P 

8,  9 

8,  9 

8,  9 

8,  9 

8,  9 

8,  9 

8,  9 

SIMULATOR  S 

12,13 

12,13 

12,13 

12,13 

12,13 

12,13 

12,13 

BARRACK  P 

2,14 

2,14 

inn 

ran 

■SB 

6,  9 

6,  9 

S 

11,12 

11,12 

Ebei 

Saa 

isa 

11,12 

11,12 

MEDICAL  P 

4,  5 

4,  5 

4,  5 

4,  5 

8,  9 

8,  9 

8,  9 

FACILITY  S 

12,13 

12,13 

12,13 

8,  9 

4,  5 

12,13 

12,13 

P  =  PRIMARY  LOAD  STRATEGIES  S  =  SECONDARY  LOAD  STRATEGIES 


Note:  Numbers  refer  to  the  stategy  categories  identified  in  Appendix  C. 
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APPENDIX  E: 


POTENTIAL  ENERGY  SAVINGS  FIGURES  BY 
SPACE  TYPE  AND  INSTALLATION 
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ACRONYMS 


AEI 
AFM 
AR 
A/E 
BLAST 
BY 
CY 
DA 
DD 
DEH 
DHW 
DY 
DOD 
DOE 
ETL 
.  GY 
HQDA 
HQUSACE 
HVAC 
LBL 

MACOM 

MCA 

NAVFAC P 

NSC 

OCE 

OMB 

OSD 

PDB 

PROSPECT 

S&A 

SRP 

TM 

TRADOC 

TVA 

T3B 

USA-CERL 

WIFE 


Architectural/Engineering  Instructions 
Air  Force  Manual 
Army  Regulation 
architecture  and  engineering 

Building  Loads  Analysis  and  System  Thermodynamics 

budget  year 

construction  year 

Department  of  the  Army 

Department  of  Defense  (form) 

Directorate  of  Engineering  and  Housing 
domestic  hot  water 
design  year 

Department  of  Defense 
Department  of  Energy 
Engineering  Technical  Letter 
guidance  year 

Headquarters,  Department  of  the  Army 
Headquarters,  U.S.  Army  Corps  of  Engineers 
heating,  ventilating,  and  air-conditioning 
Lawrence  Berkeley  Laboratory 
Major  Command 
Military  Construction,  Army 

Naval  Facilities  Engineering  Command  Publication 

National  Security  Council 

Office  of  the  Chief  of  Engineers 

Office  of  Management  and  Budget 

Office  of  the  Secretary  of  Defense 

Project  Development  Brochure 

Proponent  Sponsored  Engineer  Corps  Training 

Supervision  and  administration 

Special  Requirements  Paragraph 

(Army)  Technical  Manual 

Training  and  Doctrine  Command 

Tennessee  Valley  Authority 

Technology  Transfer  Test  Bed 

U.S.  Army  Construction  Engineering  Research  Laboratory 
Weather  Information  File  Encoder 


.1 


« 
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USA-CERL  DISTRIBUTION 


Chief  of  Engineers 
ATTN:  CEEC-EE 
ATTN:  CE1M-SL  (2) 

ATTN:  CEEC 
ATTN:  CEEC-C 
ATTN:  CEEC-E 
ATTN:  CERD 
ATTN:  CERD-C 
ATTN:  CERD-M 
ATTN:  CERM 
ATTN:  DAEN-ZC 
ATTN:  DAEN-ZCE 
ATTN:  DAEN-ZCI 

EHSC,  ATTN:  Library  22060 
ATTN:  OET  III  29906 
ATTN:  CEHSC-F  22060 
ATTN:  CEHSC-FU 
ATTN:  CEHSC-TF 

US  Army  Engineer  Districts 
ATTN:  Library 

Los  Angeles  90012 
Mobile  36628 
New  England  02154 
ATTN:  NPAEN-PL 
Alaska  99506 

416th  Engineer  Command  60623 
ATTN:  Facilities  Engineer 

US  Military  Academy  10966 
ATTN:  Facilities  Engineer 

AMC  -  Dir.,  Inst.,  *  Svcs.  (23) 
ARRADCOM  07801 
(ATTN:  DRDAR-PSE) 

Aberdeen  Proving  Ground  21005 
(ATTN:  STEAP-DEH) 

Army  Matls  Technology  Lab  02172 
(ATTN:  DEH) 

Corpus  Christl  Army  Depot  78419 
(ATTN:  SCSCC-EF) 

Harry  Diamond  Laboratories  20783 
(ATTN:  Library) 

Dugway  Proving  Ground  84022 
(ATTN:  STEDP-FS/DEH) 

Jefferson  Proving  Ground  47250 
(ATTN:  DEH) 

Fort  Monmouth  07703 
(ATTN:  DEH) 

Letterkenny  Army  Depot  17201 
(  \TTN:  SDSLE-EF/DEH) 

Natick  RAD  Center  01760 
(ATTN:  STRNC-DF/DEH) 

New  Cumberland  Army  Depot  ITO.'f 
(ATTN:  SDSNC-EF) 

PeuDlo  Army  Depot  81001 
(ATTN:  SDSTE-PUI-F) 

Red  River  Army  Depot  75507 
(ATTN:  SDSRR-G) 

Redstone  Arsenal  35809 
(ATTN:  DESM1-KLF) 

Rock  Island  Arsenal  61299 
(ATTN:  SMCRI-DEH) 

Savanna  Army  Depot  61074 
(ATTN:  SDSLEVAE) 

Sharpe  Army  Depot  95331 
(ATTN:  SDSSH-E) 

Seneca  Army  Depot  14541 
(ATTN:  SDSSE-AD) 

Tobyhanna  Army  Depot  18466 
(ATTN:  SDSTO-EH) 

Tooele  Army  Depot  84074 
(ATTN:  SDSTF.-ELF 
Watervliet  Arsenal  12189 
(ATTN:  SARWV-DEH) 

Yuma  Proving  Ground  85365 
(ATTN:  STEYP-FE/DEH) 

White  Sands  Missile  Range  88002 
(ATTN:  STEWS-IS/DEH) 


FORSCOM  (26) 

FORSCOM  Engineer,  ATTN:  Spt  Det. 

ATTN:  Facilities  Engineer 
Fort  Buchanan  00934 
Fort  Bragg  28307 
Fort  Campbell  42223 
Fort  Carson  80913 
Fort  Devena  01433 
Fort  Drum  13601 
Fort  Gillem  30050 
Fort  A.P.  Hill  22427 
Fort  Hood  78544 
Fort  Indlantown  Gap  17003 
Fort  Irwin  92310 
Fort  San  Houston  78234 
Fort  Lewis  98433 
Fort  MaCarthur  90731 
Fort  McCoy  54656 
Fort  McPherson  (2)  30330 
Fort  George  G.  Meade  20755 
Fort  Ord  93941 
Fort  Picket  23824 
Fort  Polk  71459 
Fort  Richardson  99505 
Fort  Riley  6644  2 
Predisio  of  San  Francisco  94129 
Fort  Sheridan  60037 
Fort  Stewart  31314 
Fort  Wainwright  99703 
Vancouver  Bks.  98660 

HSC 

Ft.  Sam  Houston  AMC  78234 
ATTN:  HSLO-F 
Fitzsimons  AMC  80045 
ATTN:  HSHG-DEH 
Walter  Reed  AMC  2030? 

ATTN:  Facilities  Engineer 

1NSCOM  Cb,  Inst).  Div. 

Arlington  Hall  Station  (4)  22212 
ATTN:  Facilities  Engineer 
Vint  Hill  Farms  Station  22186 
ATTN:  1AV-DEH 

USA  AMCCOM  61299 
ATTN:  AMSMC-R! 

ATTN:  AMSMC-1S 

MDW 

ATTN:  DEH  (3) 

Cameron  Station  22314 
Fort  Lesley  J.  McNair  20319 
Fort  Myer  2221  1 

TRADOC  (19) 

HQ,  TRADOC,  ATTN:  ATEN-DEH  23851 
ATTN:  DEH 

Fort  Belvoir  22060 

Fort  Benning  31905 

Fort  Bliss  79916 

Carlisle  Barracks  17013 

Fort  Chaffee  72905 

Fort  Dix  08640 

Fort  Eustic  23604 

Fort  Gordon  30905 

Fort  Hamilton  11252 

Fort  Benjamin  Harrison  46216 

Fort  Jackson  29207 

Fort  Knox  40121 

Fort  Leavenworth  66027 

Fort  Lee  23801 

Fort  McClellan  36205 

Fort  Rucker  36362 

Fort  Sill  73503 

Fort  Leonard  Wood  65473 


TSARCOM,  ATTN:  STSAS-F  63120 
USA  IS 

Fort  Huachuca  85613 

ATTN:  Facilities  Engineer  (3) 

Fort  Ritchie  21719 

WESTCOM 

Fort  Shafter  96858 
ATTN:  DEH 
ATTN:  APEN-A 

SHAPE  09055 

ATTN:  Infrastructure  Branch,  LANDA 

Fort  Belvoir,  VA  22060 

ATTN:  Canadian  Liaison  Officer 
ATTN:  British  Liaison  Officer 
ATTN:  Australian  Liaison  Officer 
ATTN:  French  Liaison  Officer 
ATTN:  German  Liaison  Officer 
ATTN:  ATZA-TE-SW 
ATTN:  STRBE-BLURE 

CECRL,  ATTN:  Library  03755 

WES,  ATTN:  Library  39180 

HQ,  XV1I1  Airborne  Corps  and 
Ft.  Bragg  28307 

ATTN:  AFZA-FE-EE 

Chanute  AFB,  1L  61868 
3345  CES/DE,  Stop  27 

Norton  AFB  CA  92409 
ATTN:  AFRCE-MX/DE 

NAVFAC 

ATTN;  Division  Offices  (11) 

ATTN:  Facilities  Engr  Cmd  (9) 

ATTN:  Naval  Public  Works  Ctr  (9) 
ATTN:  Naval  Civil  Engr  Lab  (2) 
ATTN:  Naval  Conatr  Battalion  Ctr 

Engineering  Societies  Library 
New  York,  NY  10017 

National  Guard  Bureau  20310 
Installation  Division 

US  Government  Printing  Office  22304 
Receiving  Section/Depository  (2) 


National  Bureau  of  Standards  20899 

Defense  Technical  Info.  Center  22314 
ATTN:  DDA  (2) 
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DLA  ATTN:  DLA-WI  22304 


ESD  Team  Distribution 


USAEHSC 
ATT N:  CEHSC-EN 
ATTN:  CEHSC-FU-FETS 

HQDA  (DALO-TSE)  20310 

US  Army  Engineer  Districts  (36) 
ATTN:  Chief,  Engineer  Division 
New  York  10270 
Buffalo  14207 
Pittsburgh  15222 
Philadelphia  19106 
Baltimore  21203 
Norfolk  23510 
Huntington  2S721 
Wilmington  28401 
Charleston  29402 
Savannah  31402 
Jacksonville  32232 
Nashville  37202 
Memphis  38103 
Vicksburg  39180 
Louisville  40201 
Detroit  48231 
St.  Paul  55101 
Chicago  60604 
Rock  Island  61204 
St.  Louis  63101 
Kansas  City  64106 
Omaha  68102 
New  Orleans  70160 
Little  Rock  72203 
Fort  Worth  76102 
Galveston  77553 
Albuquerque  87103 
San  Francisco  94105 
Sacramento  95814 
Japan  96343 
Portland  97208 
Seattle  98124 
Walla  Walla  99362 
Tulsa  74121 
ATTN:  SWTED 
Far  East  98301 
ATTN:  POPED-L 


US  Army  Engineer  Divisions  (13) 
ATTN:  Chief,  Engineer  Division 
New  England  02154 
Europe  09757 
North  Atlantic  10007 
South  Atlantic  30303 
Huntsville  35807 
Lower  Mississippi  Valley  39180 


Ohio  River  45201 
North  Central  60605 
Missouri  River  68101 
Southwestern  75242 
South  Pacific  94111 
Pacific  Ocean  96858 
North  Pacific  97208 

Army-Air  Force  Exchange  Service  75266 
ATTN:  Director,  Engineering  Div 

USA  ARRADCOM  07801 
ATTN:  SMCAR-AEP 

Fort  Belvoir,  VA  22060 
ATTN:  STRBE-FCC 
ATTN:  STRBE-F 

Fort  Leavenworth,  KS  66027 
ATTN:  ATZLAC-SA 

Naval  Civil  Engr  Laboratory  93043 
ATTN:  Code  L60 

Naval  Facilities  Engr  Command  22332 

ATTN:  Code  032E 

ATTN:  Code  1023 

ATTN:  Code  11  IB 

ATTN:  Code  044 

USAF 

ATTN:  SAFMII  20330 

Andrews  AFB,  WASH  DC  20331 
ATTN:  AFSC-DEE 

Tyndall  AFB,  FL  32403 
ATTN:  RD 

Director,  Bldg  Tech  it  Safety  Div  20410 
ODAS  (EEOcS)  20301 
Dept  of  Energy  37831 
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